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NPEAMCNOBME

Hanupiit sunycxk PyxoBoasuux yxa3sauifi NOZFOTOBAEH
HHCTHTYTOM 3HEProCeTHPOeKT H yTseplieH TJaBHHHIRPO-
exktom u I'nastexympasiennem Mumncrepcrea shepreTHKR
M snexrputdmxauws CCCP.

Hacrosmne PY ssasiorcs NepBobiM 3TaNOM BHIYCKA
HOPMaTHBHBIX MaTepHanoB No OOGIHM MCAOMEHHAM H HH-
HeHepHHM MeTOLaM pacyeTa TOKOB M HalnpAXeHHH TpH
nospexzeHusx B Tpexdasunix cetax 110—750 xB ¢ aa-
3emaenloll HefiTPanbio NPHMEHHTENBHC K TPeOOBaHHAM pe-
nefiHON 33aWMHTH W CHCTEMHON ABTOMaTHKHW. Dosbluas akry-
aJbHOCTE TAKMX MaTepHajoB 06YCNOBJCHA 3HaYHTEJbHBIM
yCHoxHBREHHEM b HacTofluee BpeMs Tpeﬁosanm't K pacueraM
SNEKTPHYEOKHX BEJHYHH IAA yKasawnuX uenefi. HeoGxo-
AHMOCTD B Ta8KHX HOPMATHBHEX MaTepHanaX HEOLHOKPAaTHO
OTMeYaNach B pelleHHaX Kondepenusfi no peseiinofi 3auu-
Te H CHCTeMHOH aBTOMaTHKE.

B nanHoM BHMYCKe PacCMaTPHBAKOTCS BOTMPOCH HHKe-
HePHEIX pPacyeTOB TOKOB M -nangn_meauﬁ npH K. 3. B OQHOMA
ToyKe B TpexdasnHeix cerax 110—750 xB. B coomeeTCTBHH
€ COBPEMEHHHIMH TEHEEHUHMAMH OCHOBHLIE pelIeHHH, pac-
cMaTpHpaeMule B pafoTe, JlaHH JAN8 CAyYaeB HONOJB30-
BaHHSl UHQPOBMX BLINHCIHTENBHBIX MalHH, TPHMEHeHHe
Kompux TIO3BONAET TOBLICHTL TOYHOCTH BLIYHCAEHHA H
MHOrOKPAaTHO YMEHbIIHTL BPEMS, 3aTpayHBaeMoe Ha Npo-
H3BOACTBO pacyeTa; KpoMe TOro, TaKMe pPaCCMOTPeHB Me-
TOgbl BHYHCAEHHH JIPH HCMOJbL30BAHHH JIPOCTEALHIX MOJe-
Jefi IOCTORHHOrO ¥ NEPEMEHHONO TOKA HA aKTHBHHX COMpO-
THBACHHAX, @ TakKae METORN aHANHTHYECKHX BHYHCAEHHH
B fIpoCTefilUHX cnyvyasX Oe3 HCNOOJBL3OBAHHA YKa3aHHBIX
BLIYHCAHTENLHEX YycTpoficTs.

Heo6xonuMo oTMETHTH, 4TO pa3paboTie H IHPOKOMY
BHEJPEHHI0 YCOBEPLUEHCTBOBAHHHX METOLOB pacyera TOKOB
K. 3. ¢ Henonb3osanHeM 3BM B nemanofl cremenn onocob-
cTeOBanM paloThl, BHNOJMHEKHbE B HHCTHTYTE JNEKTPOdH-
namuxkd (M3M) AH YCCP H B HHCTHTYTe SHeprocers-
npoekt (Mockea).

YunThiBan, 4T0 B HacTORIlEe BPEMA HMEET MECTO 3Ha-
YHTeAbHOE YCNoXKHeHHe KOHQUrypaunu ceteil ¥ nospienHe
B HHX Y4aCTKOB ¢ OO/BIUMM YHCJOM NapanjefbHbIX B3aH-
MOBIHAOUHX JIHHHH OAHONO HATPSIKEHHS H LAaXe DasHEIX
nanpsxensit  (poceMe nuHpii w Gomsce), B PY yzeneno
MHOrO BHHMAHHA YYETY 3JEKTPOMATHHTHON H emKocTHOR
ceasefl MEMAY napainenbHbHMH JHHHAMH H COCTaBlAeHHIO
COOTBETCTBYIOLUMX cXeM 3aMellleHHR HYNeBOA TOoCneqoBa-
TeABHOCTH.

Ina cnyqaes wnonoiwsobakiva IBM panm yxasauun
N0 pacyeTam He TOABKO NPH APHBEJEHHM BCEX S/eMeHTOB
3afaHiOR CXeMBl K OIHOW CTYDeHH HANpAMEHHHA, HO H BIPH
COXpaHeHHH TpaHC)OPMaTOPHEX CBR3ell 1As Henocpemnct-
BEHHOrO OfNpeResieHsi TOKOB H HanpsxeHHA OTAEMBHEIX
NOCNeROBATENbHOCTEA Ha PaSHHIX CTYHNEHAX HalpaXKeHHs.

Cneayer oTMeTHTs, uTO OGLIHE NPHHUUNE BHYHCJISHHE
TOKOB K, 3. OCBELUEHW B IHIPOKO PaCNpOCTPAaHEHHHX JiHTe-
paryputix ucrounmkax [1 w mp.].

Han Gonbieli ACHOCTH M OCTYRHOCTH MPHHUWAHANb-
HBe TIOJICHEHMSt H MEeTOALl PacyeTa HINIOCTPHPYIOTCS HHC-

JIOBRIMH NpHMEPaMH, {0 KOTOPHM J[ankl MOLPOOGHLIe pe-
LeHRAN,

B okouuaTenbHOH PpeHakiMH YYTEHH NPELIOMEHNA M
3aMeyaHHA GHEeProCHCTEM M LPYLHX OpraHM3alHiL

Haunufi setnyck lpas&a&crraﬂ B HHCTHTYTe JHeprocers-
TPOEKT (3aM. TJI. HHXK. #i. ITeTpoB) oTmenom peneinol
3alllyThl, aBTOMAaTHKH, YCTOAYHBOCTH M MOAeJHPOBAHHR
(naw. ornena A. I'. Qomgses, 5aM. Hay. otnena [1. Jles-
KOBHY, Hal. UEHTDAaJbHON HAyWHO-HCCNeA0BATENLCKOR 1260~
paropun P3A kanp. Texu. mayk, pouent B. M. Epmoser-
KO), KOJICKTHBOM: IOKTOPOM TEXH. Hayk, npod. A. B. Uep-
HWHBIM, KaHh. TexH. Hayk C. B. JloceBnim, €T. MK
M. H. Oduueposoii. B cocrapneHHH NepBOHauaNGLHONR
peAgKuH BHNYCK2Z NPHHHManH yyacTHe CT. HHX. JI. C. Po-
O¥OHOPA (HEKOTOpHe pasfednbl ri. 1-B) M CT. Hayyu. coTh.
E. A. Pabxosa (#HekoTOpHe paznens rnap 2-oit—4-0il).
QO6iwee pyxopoacrso paboroli H penakTHPOBaHHe oCYILiecT-
prentt A. B. Yepnuunm u C. B. Jlocesum. Yarens same-
YaHWi H NPeAJNOMEHHR ROKTOpa TeXH. Hayk. npod.
A M. QenoceeBa H COTPYRHHKOB DHEProCCTBIPORKTA:
C. 5. IMerposa, M. M. Jleskoewua, B. M. Epmouenxo,
H. E. Pubens, B. A, PyGunuwxa, A. A. Pyoman, T. H. Jo-
poarosofl.

[Tonesyune pekoMeHnalnn B coOGpaXeHHn TIO LLAHNOMY
punycky panu paborumen LY E3C CCCP, Mocsnepra,
Jlenstepro, Yeasnbsnepro, [Inenposnepro, Munsuepro
¥aCCP, Pocrossuepro, Kuessuepro, Hon6accsnepro, Tyn-
snepro, OIY Cubupu, ¥pasa, Cpeanes Bonrn, Ora, nicru-

SAnextpoauvamake AH YCCP, BHUH3, OPIP3C,

FPOBCKOTO NOAHTEXHAYECKOro HHCTHTYTa, WBamosckore

5mpremu)acxom HHCTHTYTa, OTOeNeHkli JHeproceTvnpoek-
Ta H mp.).

Jlannas pabora OylleT TPOROMKEHA B HANPABICHAH
Pa3paboTKH pellenufi &As CAOKHBIX MOBPEHASHHE, METONOB
ClIeUHaNnLHHX PacYeToB IAsl 0COGHX ciyyaes, PacyeToB TO-
KOB H HampsieWuidl ANA Pa3HHX MOMEHTOB BPEMeHH X. 3.,
a TakKke pacueTOR TOKOB IIPH D/EKTPOMArHHTHHX Tlepexox-
HHX Mpoueccax.

Tlomumo sToRt paGorh umewTcs «Pykopofsiline yxa-
33HHR TIO pac9eTy KOPOTKHMX 3amulKauui, BnBOpy # npo-
BEPKe aMN2pPaToB B NIPOBOAHHKOB M0 YCAOBHSM KOPOTKOrO
3aMLIKaHUA®, TOATOTOBJeHHbie MOCKOBOKEM SHepreTHue-
CKEM BECTHTYTOM. DTH PY ObJHi BHDYILEHH MAJRIM THDA-
JOM AN BedyilHX TIDOSKTHHX OpraHE3auHil H BBefeHH
B feficTBHE B KavecTse WepBofi pelakuMy ¢ DPa3pelcHHeN
NpHMEHEeHHS] B MPaKTHKe NPOSKTHPOBAHHA B3aMeH yeTapes-
wWwHX, H3NaHHLX B 1944 r. «PykopoasliuX YKasanuii ne
pacieTy TOKOB KOPOTKOTO 3aMHKaHHR H BEOODY Mo pexu-
MY KOPOTKOrO 3aMHKAHHS annaparyps # IPOBOAHHKOR
B_ 3/IKTPHYECKHX YCTAHOBKAX BEICOKOTO HANPFMKEHHA»
(Pewenye Inastexynpasiennss Mumsuepro CCCP oz
25/XII 1975 Ne 8-8/3).

B nanuheRwem npemmosaraetcs moarotosxa Pykoso-
AAULHX YXasaHHA o PacyeTy KODOTKHX 3aMbIKaHHi ¢ o6-
wel METORHMEeCKOR UacThi0O KaK 4 BHGOpa m MPGBepKH
ANNapaTOB M NMPOBORHHKOB, TaK H NJft PeneliHOf 3allluTh,
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FfNABA NEPBASA

MCXOAHBIE NONOMWEHMA M OBLUME YKASAHMA NO PACHETAM TOKOB
KOPOTKOFO 3AMBIKAHMA. NPMHLIMIMBI COCTABJIEHMA CXEM
3AMELLEHMA OTAENLHLIX NOCNEAOBATENLHOCTEA

4-1. HCXOAHME NOJIOMEHMA M OBWLIME YKA3IAHUA
No BLINONHEHMIO PACHETOB

I. B cBA3H C auHpOKHM PasBHTHEM HOBHX CPEICTB
BENYHCIHTENBHOR TeXHHKH (B mepayilo okepenr OBM) mpern-
CTaBNAETCS BOIMOMHHEM B HACTOAIlee BpeMa uabeXaTb
LLeJIOro psAna pavee OPHHHMABUWIHXCH B PACTIETAX TOKOB K. 3.
orpannTeHHlt ¥ foMyiieHnfi, CYyWECTBOHHO CHIKAIOMHKX TOU-
HOCTh TakuX pacyeroB. Jins NOBLANEHHS TOYHOCTH pacue-
TOB TOKOB K. 3. Tpefyerca MaxcHmanbho Gonee movminh
yer ABJeHHH, XaPaKTepHSYIOUIHX Tpouece K. S. B OGbeMe,
HocTIRuMOoM Ha DBM Ges upe3MmepHOro ycC/0XHeHHs pac-
geton. [lociennee peceMa BaXKHO, €CAR Y4YecTh, MTO A4
wenefi penefinoff 3aWMTH M CHCTeMHOA aBTOMaTAKH Heob-
XCEMMO NPOU3BOAMTL MaCCOBBE BeCcbMa CJIOXHHe H TpY-
JoeMKHe pacierhl ANl PALA PEXKHMOB H BAapPHaHTOB 3ajaH-
HOM cxeMbl SNeKTpHYecKoH ycraHoBkH [2].

B COOTBETCTBMH € YKa3aHHHM B HAcTOAIEM BHINYCKe
PV pacoMoTpeHH BONpPOCH BLINOMHEHHA YTOUHEHHHIX HHXKe-
HEPHHX pacieroB TOKOB K. 3. B OaHOA Towke Ha IBM
B OCHOBHOM JJfl BHOOp2 MapaMeTpoB H IIpoBepKH JlefCTBHA
penefiHofi 3allHTH H CHCTEMHOH aBTOMATHKH B CHAYYafX,
KOrna npeiCT2ANseTCs BO3MOXHEIM BBOAHTH B PacueT KOH-
KpeTHHe JOCTATOYHO TOYHO H3BECTHHE HCXOAHbie AaHHbE
(8 ycaosuax askcnayaTaytu). Ilomumo STOro, JaHH YKa-
3aHHA MO YNpPOIlEHHHM pacueTaM JJAAa NPAGAHKEHHOTD
onpeflefeNHs TOKOB K. 3., worna Tpebomanna & TOYHOCTH
MOryT OHITE CHHXEHE, HampHMep, B YCIOBHAX [IPOEKTHpPO-
BAHHA TIPH OPHEHTHPOBOYHO H3BECTHHIX HCXOMHLIX FaHHLIX
H HCOONB30BAHHH MoOfenell NMOCTOSHHOrO M MepeMeHHOro
TOKa HAa AKTHBHBIX CONPOTHBAGHHAX, & TaKXKe AJs TPO-
CTeRIIHX AHANMPHUEOKHX pacueToB '6e3 MOMOJb30BAHHA YKa-
3aHHBX YCTPOFCTE.

2. IlpsBemenublé HHXe MeTOAH pacyieTa HMEIOT Ha-
3HaueHHe B MEPBYI0 Ouepelb OnpeleiHTb HaSajbHOe 3Ha-
YenHe mMepHoaHueckofi cnarawmoulefi IloAHOTC TOKa K. 3.
(ceepxnepexonmnfi TOK) ®aK OCHOBHOR pacieTHON BeaH-
YHHE AnA Bubopa TapaMeTpos YCTpoRCTB peneiinofi BalllH-
TH H CHCTEMHOH ZBTOMATHKH.

Jna obecneveHus YTOTHEHHOrO ONpeleleHHs CsepXne-
exonuoro Toka mas f=0 npH TpHMEHeHKH ANA pPacieToB
BM  uenecoofpasiHo Y9HTHBATH CJ@NYIOUWHe OCHOBHLIe

bakTopu, B INEPBYK) OYepelb ONDEAEJsIOUIAe TOTHOCTh
pacyeToB TOKOB K. 3.

4) 3. A. €. CHHXDOHHHX IeHEPaTopoB A KOMIeHCaTo-
poOB, paBHble O MOAYJIO # TIO YLy 5. 4. €. B4 CBEpXMepe-
XOJHEIM CONPOTHBACHHEM COOTBETCTBEHHO TeHepaTopa H
KOMMERCATOPa B MPERUIECTBYIOMIEM HANDYIOTHOM PeXHMe
(oBepxnepexonuue 3. 1. €.);

6) KOMIIeKCHHe CONPOTHBJIEHHA 3JOMEHTOB PaCCTHTH-
BaeMOH cXeMi! (KaKk PeaKTHBHBIE, TAK H 8KTHBALE COCTaB-
nfIOIKe), UPBHAMAA HX JHHefnBMA, a TaxKe aAKTHBHHE
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CONPOTHBNEHHA TOKOOIPaHHYHBAIOUWIHX pe3HCTOpOB, BKJIO-
yseMbX B HeflTDanH CHAOBHIX TPaHC(HOPMATOPOB;

B) [ABHTATENBHHE H CTAaTHYECKHE HarpyaxH;

T) B3aHMOHHAYKUHIO MeXAy AapanfieNbHbMH JTHHHSA-
MH B CXeMaxX HynepoH COC/IeL0BaTENBHOCTH;

J21) TIoNepeuHyio eMKOCTh JHHKI NpH nanpsxenun 330—
750 ®B wrporskenHocTbio He Menee 150 kM H 110—220 kB
NPOTHAXKEHHOCTEI0 He oernee 200—250 wM.

CnenyeT OTMeTHTh, YTO B YNPOLIEHHBIX Pacyerax mo-
NYCTHMO YIHTHBAThb 9TH (aKTOPL He NOJHOCTBIO. Tak,
B YCHAOBHAX MPOEKTHDOBAHHA PesiefiHOR SAWHTLI MOMKHO
OFpPaHMIHTLCA PACYETOM TOMBKO 2BapHAHHIX COCTABNAICWIHX
TOKOB K. 3. H YYHTHIBATb B OCHOBHOM TOJBKO PeaKTHBHGIE
CONPOTHBNEHHS SNEMEHTOR PACCUHTLIBAEMOR CXeMbl.

3. Kak wu3pecTHo, mpu pa3paboTke H IKCMnyaTalHH
yerpolicts penefiHoll 3aMTH K CHCTeMHOR aBTOMATHKH f10-
MHMO 'Ha4YaJbHHX SHaueHHii TOKOB H HamnpsXeHHH TpelyeT-
€A TaKXe 3HaTh H3MeneHHe YKA3aHHHIX BeNHYHH BO Bpe-
MenH (B TedeHHe 2—3 ¢) HA OTHEAbHBIX YHACTKAX CXeMEL

Onkako mpu yuere nelcTBHA YCTAHOBJEHHHX Ha reHe-
paTOpax aBTOMAaTHYECKHX DeryafTOpoB H (POPCHPOEKH B803-
OyXneHHR TOKM B BeTBM K. 3. (xak ¢asHble, Tak H 0TAENb-
HHX MOCheA0BaTenbloCTeli) B OONBIIMHCTBe CNyuaem He
OyYeHb 3aMETHO H3MEHRIOTCA BO BpPeMeHH, B ocOobeHHOCTH
NPH HEeCHMMETDHUYHHX XK. 3. H OONBLIIHX YaafleHHOCTAX
MECTa K. 8. OT INeHEePHPYIIHX HCTOYHHKOB. DTD OTHOCHT-
€ H K TOKaM Hyjeeofi H oOpaTHOH mocnenosaTensHocTeH
Ha niofoM yuyacTke 3anaHHOH CXeMbl, TIOCKOJLKY TaKkoBhe
nponopunonanb-im TOKaM B8 MecCTe H. 3.

B cBA3H ¢ 3TEM H B COOTBETCTBHHE CO CJCHKMBILEHCS
npakTHKOR MacCOBEIX PHECYETOB TOKOR K. 3. NS penefiHoi
3alMTH YKasaHHHE TOKH MOJHO IPHHATE € HEKOTOPbLIM
NpubAH¥eHHeM pPaBHBIMM HAYaJbHBIM TOKaM K. 3. ITO
BECHMA YNpOWlaeT BHOOP 3allHT ¢ BHAEPXXKON BpeMenH,
pearupymouux Ha TOKH H HalpAXMeHHs HyneBoH H oOpaT-
Ho# mocnenosaTenbhocTeli. Bo3MOXKHAaA NOrPEUIHOCTE B H3-
BECTHON Mepe KOPpPEeKTHPYeTCs KO>PGHUHEHTOM OTCTPONKH
Rorc, YUHTHIBa@MEIM TIPH ONpejefeHHH NapaMeTpos peaeh-
HOf BaIHTHL

4. HcnomesosanHe MOMHEIX (a3HLIX TOKOB H TOKOB
npEMofi NOCNGNOBATENLHOCTH Ha OTAeNBHHX YU2CTKAX fpH
=0 pna BLIGOpa 3allUT C BLLIEPIKKOA BPeMeHH CBA3&HO C
BO3MOMHOCTBIO BONBMIMX norpeiiuocTefl, 4éM B BeTBH K. 3.
TpuemneMOCTb T2KOrQ pelliekHs ONPeAENReTCH MHOTHMH
YCHOBHAMH: TpebOBAHHAMH K TOYHOCTH (3IKCILAYATAUHOHKELIE
H/H TIPOEKTHBIE PaCyeTh!), MECTOM H BHIOM K. 3., KOHGH-
rypanHefl paccunTeisaeMofi CeTs, THIIOM PenieiHON IawWHTLL,
nna eHbOpa W TPOBePKH KOTOPOl NPOH3BOAHTCH pacuer,
H ap. B nenoM rtakoe HONoab3oBawHe ToKOB TpH f=0 no0-
NMYCTHMO JNS OPREHTHPOBOUHLIX MPeACTaBAeHUA O 3Haue-
HHIX TOKOB Ha OTHAENbHHEIX YYACTKaX LN TPOH3BOMLHOIC
MOMEHTA BpeMeHH, B MEPBYI0 ouepenb MpPH He OueHb 60Jb-
urofi ANBTENLHOCTH K, B,



5. TouHoe pellieHHe NO ONPeJeNeHHIO TOKOB M Hanps-
HEHHN Ha OTHENBHHX YYaCTKaX CXeMhl JJ5 JIPOH3BOJABHOrO
MOMEHTa BpeMeHH K. 3. {{>0) Momxer OLITH NOAYHEHO {IPH
NpHMEHEHHH MEeTOJO0B PacueTa, aHa/JOPHYHEIX TIPMMEHAeMhIM
OPK pacyeTax [IHHAMHUECKOH YCTOAYMBOCTH palOTH 3Jiek-
TPHYECKHX CHCTEM; TaKHe pacueTHl, OfHaKO, BeCbMa TpY-
JIOEMKH.

HapecTHbli METOA KPHBHIX HIMEHEHHS NEPHOAHYECKOR
cocTaprsiouleit Toka k. 3. [1] umeer zam ueneft peneiiwoh
SAllHTE OrpaHHyeHHOe TNpPHMCHEHHe, TaK KaK OmpeaeJeHHe
€ ero NOMOWIBK TOKOB HA3 OTHENBHAIX YYACTKAX CXeMH
AN TPOHIBONBHOCO MOMEHTA BPEeMEHH BO2MOXHO JIHWIb
NPH NPHHATHH OTHOCHTENBHOrO TOKOPACHDEAENeHHH HEeH3-
MEHHEM BO BPEeMEHH H PaBHHIM TakosoMy Ans f=0, 40
CBA32HO B COJLIWHHCTBE CAYNAZeB ¢ CYLlecTBeHHOM morpeul-
HOCTRIO &

B § 2-3 pacemarTpHBaeTcs BONPOC O BHMHCAEHHH YTOY-
EEHHBIX 3HAYEHHF TOKOB H HalpfKeHHH HAa Pa3HHX YYacT-
Kax Jafia NpOHSBOJBLHLIX MOMEHTOS Bpemenn K. 3. ({>0)
MpH YNPOULEHHOM YueTe H3IMeHeRHil 3. L. C. reHepaTopa No
mozyno H Gase € TOMOWBI DEKOMEHRYEMOro B [Ig]) Me-
TOLA CNPAMAEHHBIX XapaKTepHCTHK H METOZA KDHBHIX Npe-
Aenphoro ppemeHH [22] nnm yvera Bnuamus yrna pac-
XOJK1EHHA 5. 1. C. TeHepaTopoB NG ¢hase H3-3a KauaHHIL
Tlo MeTopy ONPAMAEHHBIX xapaAxkTepHCTHK obecneunsaercs
YHeT 3aTYXaHHH TOKOB K. 3. BO BPEMEHH K YYeT BJHAHHS
perynsTopos H (pOpPcHposBkH BO3CYKIAPHHR TIeHEpPaTOpos,
a [0 METORY KPHBEIX NMPENejbHOrO BPEMeHH — YueT BJAHs-
HHA PACXOMJeHHA 3. A. €. TeHepaTOpPOB no ¢ase H3-3a
Kauanui 2,

6. [puMennTenvo K TpeGoBaHHsM peniefiHON 3aLHTH
H cHCTeMHO# aBromaTHrH B cetax 110—750 kB ¢ rayxo-
3a3eMACHHLIMH HeHTPaifMH paccMaTpPHBaeMHE HHXKE MeTo-
Ibl pacyeTa OXBATHBAIOT CJGAYIONIHe BHAB &._3.: 3aMHIKaHHe
MexIy Tpema (asamil; saMbKaHKe Tpex (a3 Ha 3eMJio
(Tpex¢asnoe 3aMLIKAHHE HA 3eMAK0); 3aMHIKaHHE MEXAY
Asyms (asami, saMulKaHHe OByX a3 Ha seMaro (aByxdas-
HOE 3aMblkaHHe Ha 3eMJII0); 3aMbIKaHHe OLHOH ¢asw Ha
sem.i0 (oaHodasHoe 3aMEIKaHHE HAa 3eMJI0).

Bonee cioxuble NOBpeaeHHS, BKAOYAS Pa3PHIBH (a3,
Gynytr pacCMOTpEHH [ONORHHTENBHO.

7. Ins pacyeTos HeCHMMeTpHYHBIX BHEOB K. 3. MC-
MOAL3YeTcsi CHCTEMAa CHMMETPHYHBIX cocTaBsmiomux. Jlpn
3TOM YUMTHBAETCH CHMMeTPHS no ¢(asam BCEX 3/IEMEHTOB
CHCTeMM (L0 BO3HHKHOBEHHR K. 3.), 4uT0o ofecneynsaer
He3aBHCHMOCTb CXEM OTAEABHLIX NOCAeLOBATENLHOCTEH CHM-
METPHYHEIX COCTAB/IAIOMIHX H M3KCHMAZBHOE YNpolueHHe
pacyera.

Caelyer OTMETHTb, UTO NpPHMEHeHHE CHCTEMH HecHM-
MeTpHYnmX cocTaBagomux [27] zns pacuera TOKOB XK. 3.
B ONHUM TOYKe Helienecoo0pasno, Tak KaK NPH 3TOM He J0-
CTHTal0TCHA KaxHe-Ap00 MpeHMyliecTsa B CP2BHEHHH C CHCTe-
MOH CHMMETPHUHEIX COCTaBARKIOWMNX, obecneunsariied 6onpb-
Wyl0 TOYHOCTR, MPOCTOTY H HArAIRAHOCTE pacuera,

1-2. COCTABJIEHME CXEM 3AMELLUEHMSA
NPMBEREHKEM NAPAMETPOB BCEX 3JIEMEHTOB
K OAHOA CTYNEHM HANPAYKEHMS

A. OBbuwe nonoxeHus

1. Ona pacyeTa TOKOB K. 3 MCTOLOM CHMMETPHYHEIX
COCTZBNAIOMHX HEOGXOLHMO COCTARHTb CXEMBl 3aMelieHHs
OTAe/NBHEX NoCneiopaTenbHocTel. TIpH 3T0M B GOABIIKMHCT-

! Kpupbie HIMEHEHHR TEPHOAHYECKOR
K. 3., YYHTHIBAIOUHe MapaMeTphl CO MEHHBIX reHepaTopoB, pa3-
paloTanel B HacToAuwee spems BHHH3—M3H [49] aas Pyxoso-
HAWEX YKA3aHER TO pacueTy KOPOTKHX 3aMHIKBHER, BHGODY H
NpOBEpKe &ANAPATOR H MPOBOARHKOB TO VCAOBHAM K. 3.

? ToYHEIi METON pacuera ToKoe K. 2. Ha SBM, yeuTumarouiui}
SNERTPOMAarHHTHEIR U SJeKTpoMexaWuuecKwfl nepexolxsie npouec-
Ch B FEHEPATOPAX, HAXOAHTCA B CTaflHH pa3paborsu.

cocTaBafel ToKa

Be C/yuaeB NPOMBBOAHTCH 3aMeHa MArHHTOCBA3AHHLIX 1Ies
aeffl onHoll 3MEKTPHIECKOH Lenbio NyTeM DMPHBEAEHHH Na-
paMeTPUB 9JIeMEHTOB pas3HYHLIX CTYNeHeH HanpsieHHH
K OAHOH CTyNeHH HallpsieHHs, NPHHATOH 3a ocHosHywo [1].

2. Pacuer CBOAHTCH K ONpeieNeHHI0 TOKOB ¥ Hanpa-
enuit Ha ©OCHOBHOM CTYNeHH, 3 3HAYeHHA HATYPaNBHEX
(HCTHHHEIX) TOKOB M HanpsikeHHR Ha JAPYrHX CTYNEHRX
HalpuKeHHs HaXoaATCH OOPaTHHIM MepecyeToM B COOTDEY-
CTBHH ¢ Ko3(duLUHeHTOM TpaHcopMalky TpaHchopMaTOPOR.
Ilpn 3TOM 3HAYEHHA OTAENBHLIX BEAHUHH: HAMPAMCHHA
(3. A. ¢), TOKOB H CONPOTHBAEHHH MOMHO BBLIPAXKATh
B JBYX CHCTeMaX GIHHHL — MMEHOBAHHHX H OTHOCH-
TeNbHHX.

bB. MNpusegerne 8 mmeHOBaHHBIX eamMHMLAX

1. Tlpu npueesenun SHaueHHA OTZeJbHBIX BEAHYHK
K OILHDE CTYNeHH MHENPpAXEeHHS HANNEKHT YUHTHBATH H3-
BecTHhle COOTHOLUEHHA JJIH TNpHBEJeHHH HanpsxKeHHl
(3. A. €), TOKOB H CONpDOTHBJABHHE C OJHOH CTODOHH
TpatopopMaTopa Ha Apyryo L.

TaxpM o6pa3zoM, NpHBezeHHe 3. A. ¢. E M conporHs-
neumit Z, 3aaHHBHIX 8 HMEHOBAMHHIX @NHHHLAX A4J1A 3Je-
MEHTa, OTAEJEHHOTO OT CTYNeHH, MPHHATOH 33 OCHOBHYIO,
HECKOJNIBKHMH KACKAIHO BKJIOYEHHBEIMH ancq}?pmaropamn
¢ xosbduuuenramn Tparcpopmaunn Ki, Ki, ..., Ka
(pec. 1-1,a), TPOM3BOAHTCA MO COOTHOUICHHAM:

E=E (kty. - Jkn); (-1

P=Z(kiks ... ka)?, (1-2)

rAe KPYXOK Haj BEJAHIHHAMH — 3HAK HPHBEACHHA.
3. . C. H COTPOTHBJIEHHS SNEMEHTOB (reHe-
paTopoB, TpaHCHOPMATOPOR H AP.) 3a4aHH B OTHOCHTE/b

1 MNpHBEMAETCA, 970 TPpaHchOPMATODH ¢ coemuHeHHeM OGMOs
TOK gﬁ YUHTMBARIOTCA KaK TpamncPOpMaTOpH C CoeuHeruemM obmo-
TOK .

Kz:_{'fm KJ =_u.i

U U Umr
E 7 wn . —-"-E ""'3: ]
U Up U Up Ux [&z‘l‘{’"&'.l.} l
=

Puc. 1-1. FlpuBeneure s.4.c.
K OCHOBHOH CTyneHH HampseHuA,
a4 — TogHOe npHaeleHne; 6—l‘lpHBeMIIH:B K mmon CTYNEHH HATpHe
MeHHS NPH HANHYHH B CMEMeé napanneasHulXx uemed ¢ Ypat!cd:lop—
MaTopaMH € PasHbIMH KosddHunenTamu TpaHchopmaunn (Kpp =
Krs): 8 — NPHOAHKEHHOE MPHBEEHHE,

E wu conpotueneuns Z

5



mux epHHHnax (B H %(n)) OpH HOMHHANALHLX YCIOBHHX
Ug, Is 1 Sp, TO B (1-1) u (1-2)

E= Bl ()
Yu "
z =fm S, (l-4a)
HWIH
Z=2 Uu 1-46
——‘ru17'3—,—ﬁ. (1-46)

rae B Eqy) B Z(y) 3BE30YKa CHH3Y YKA3WBAET, YTO BENH-
* *
WIHA 33/aHA B OTHOCHTENLHHX €IHHHLAX.

B (1-1)—(1-46) u Huxe B gamnofi rnape E 0 U—
mexaydasnue 3. 4. ¢. H HanpsixekHa. (OGosnayeHHe HMH
asHLIX DEJHUMH CeNHabHO OroBapHBaercs.)

TMoncrasasia (1-3)—(1-46) 8 (1-1) u (1-2), nonyuaem:

E= ..'{(H}UH (Bakg o -« Bn); (1-5)
y v,
Z= E(ai = (ks . . . Rp)? (1-6a)
HIH
° U,
Z=E(H) V3l (Byks .« . kp)®. (1-66)

CneayeT OTMETHTB, 4TO B K2UECTBE CTYNEHH, K KOTOPO
COpHBOAATCA CONPOTHBJIEHHH BCEX 3JEMEHTOB, MOXeET GhTh
TaKiKe NPUHATA (QUKTHBHAR CTYNEHb HANPAIEHHs, NOKAa3aH-
#ar Ha puc. 1-l,a OyHkTHpoM.

3. To cocraBnenuofi Takum o6pasoM CXxeme BaMelle-
MHA, cofepXalled 3. a. €. H conporHsiaerds ne (1-1)—
(1-60), MOXHO ONpenenuTs TOKH B HaNPHXKEHHH NPH K. S.,
KOTOpLie GYAYT HATYPaJBHBIMHE TOJBKO JNf BeTsefi H TO4EK,
PHIUIECKH HAXOANLIHXCA Ha CTYTEHH, MPHHATON B XayecTBe
ocHoBHOA. HatrypanebHble TOKH H HaupHXeHHS Ha APYrHX
CTYNeHsAX cXeMbl HAXOAATCA [epecueToM B COOTBETCTBHH
¢ kosqduurenTaMn TpaHcopMannr TpancopMaTopos.

B. MNpuseneHve 8 OTHOCUTENBHBIX eAMHMULLAX

1. lnn pacieTa B OTHOCHTENbHHX @IHHALAX BBOIATCA
Gasucuvie pemuumnd Us, /¢ u Ss Ha crynenm, BHGpan-
HOH B KauecTsBe ocHosHOH. [Ipn 970M 3. A € ® conpo-
THBJIEHHS, 33aJlaHHLIE B HMEHOBAaHHBIX €HHHHNAX, Dpej-
BAPHTEAbHO NPHBOANTCH K OCHOBHOH CTYTIEHH HATIPAXKEHHA
R 3aTeéM Y€ ShIpaXalOTCH B OTHOCHTEJBLHHX eMHHHLAX
upy GasHCHHX YCJOBHAX:

Egy= gVl - ) (1-7)

S
Zio) = Z g (s - - - ha)? (1-82)

it ] _
Zigy= 2 08l (1-86)

2. Ecom 5. 1. €. H CONPOTHBAERHUH PACCMATPHBAEMBIX
9/€MEHTOB (reHepaTopoB, TpaHcyopMaTOpoOB H Ap.) 3a-
IaHbl B OTHOCATENBHHX SAHHEUAX NPH HOMHHAJNBLHLIX yCIO-
BHAX, TO, YauTkBan (1-3)—(1-46), us (1-7)~(1-86) moay-
YHM 05 OTHOCHTEJBHBIX Ga3HCHBIX BeJHYHH

. . U
Eie)=Ew g (ks - - - Ba); (1-9)

U ]
Zi6) = Z) (ﬁ) *%:*{k,k. ceokg)t  (1-108)

Up 15
Zor=Zwgy 7, ke k). (1-106)

B (1-7)—(1-106) 6aaucxuic Benuuuusl MoryT OHITBb
BHIGpaHb NPOK3BOJBHO, KO NPH COXPAlEHHM MEeX1y HHMH
COOTHOIUENHA

S5 =V 3 Uglg.

3. Tlo cocrasneHHON Takum ofpasom Cxeme 3aMeuie-
HEA, Conepallell 5. o .C. H conpotuBiedns no (1-7)—
(1-106), MoxKo onpenenutb Ga3uCHLE 3HAueHHA TOKOB H
HanpsxeHni NpH K. 3. HarypansHhe TokH Ha OCHOBHOH
CTYleHH HaXoOATcR No GasucHoMy ToKY [e:

1= i)l (1-11a)

a Ha APYTHX CTyNeHsx — no GasuctoMy toky [’s, pasHo-
My [iepecuuTaliHOMY B COOTBETCTBHH C KOS(PPHUHEHTAMH
TpaHcpopmanku TpaHchopmaTtopon GasaucHOMY TOKY [o:

I' = fgyl’s. (1-116)
L

4. Cnenyer OTMETHTB, YTO HEKOTOPLIE TPY:AHOCTH BO3HH-
KalT {IpH COCTasJIeHHH CXeéM 33aMeLleHHS CAOMHLIX mnOcJje-
A 0BATE/BHO-NApaNNENBHEIX HONLLEBLIX CEeTCH, COXEpXKallux
napannenbHue TPaHCHOPMATOPHLE LENH C PasNHYAIOUHMH-
ca KospHiHenTamMy TpaHchopmManul (YKkazanHoe OTHOCHT-
CH KaxX ‘K PacyeTy B OTHOCHTEJBHEIX, TAK H B HMeHOBAHHBIX
eantnuax). [Ipe STOM He [NpPeACTABNRETCA BO3MOMNKHLIM
UpHBeAeHHEM K OQHOH CTYNeHH HanpHXEeHHA NOJHOCTBIO
HCKJIOUHTh TPaHCOOPMATOPHLIE CBH3H.

OcobentocTn mpuBeeHHA K OJHOH CTYNMEHH HAIpHKe-
HHA B 3TOM CJyYae NOACHAIOTCH Ha MpHMepe QBYX napan-
neabHEX ueneli—1I g 1], comepxambx TpancGopMaTopH
¢ Ko3dduumentaMn TpaHchopmauHu Riy H R,z COOTBRTCT-
Bexnxo. B oanofi u3 weneit, nanpemep I, Tpancdopmatop
¢ Ko3pduuHeHToM TPaHCHOPMANHH Ry 3aMemaercs ABYMS
TNIOCNeA0BATENEHO BKOYEHHLIMH TPaHC(OPMATOpaMH € KO-
sdpduusenTaMi  TpanchopMmaunru  Erzfkes B kg
(prc. 1-1,6). Tlpn npuBeseHHH K OCHOBNOW CTYNeHH Ha-
npsKedus conpotupieruit Z—Zs (puc. 1-1,6) tpancop-
MaTOPHl ¢ KOIPDUUHEHTAMH Ky HCKINIOUAIOTCA M3 CXEMBL,
HO TpaHcopmatop ¢ xoxbuurenTom TpancdopManuR
ky2/kry cOXpaksiercs B uenu /I [48 u 27]. Bror Tpamc-
GopmaTop MOXKeT OLITH 3aMelUCH 3NEKTPHYECKOH CXeMoii,
Kak mokasaxo Hmke (§ 1-4 u puc. 1-2,6).

B cayuasx, xorna tpanchopmatopunie cBA3H B napan-
JIEJNIBHBIX LeMfX XapakTePH3IYIOTCA Man0 PasJIHYaloulHMHCS
xoappuurenramMn Tpancdopmauur kry B Frz, MOXHO OpH-
OOMMEHHO HCXONHMTB H3 CPEHEro KOS{MpHIHeHTa TpaHC-
dopmaunun 1]

br.cp== Vkralers- (1-12)

5. B Tabn. 1-1 npHBefenn MapaMeTPL Psaa CHAOBHX
TpancGopmMaTOpoB H aBTOTPAHCHOPMATOPOB COIOSHOTO npo-
H3BOICTBA NIPH DEryJHDOBMIMH HATIPSKEHHS N0A Harpya-
kot (PITH), npuyem conpormenenns k. 3. U,, % nawnbl
InA CpefHero W JABYX KpafHEX OTBETRIEHHH W OTHECeHH
K HOMHNaJbHbIM HATIPAXEHHAM OTBETBJAENHH M HOMHHAMbL-
HOH MoWmacTH. Kak BHIHO, QHANA30H perynHpOBaHMs MO-
BOJBHO ‘BE/HK, B CBA3H € YEM V1A CHCTEM, B KOTOPLIX LUH-
POKO HCNONL3YIOTCH YCTPOHCTBA (1N PEryaHpoBaNHa Ha-
NPHKEHAS, CJeLYeT, KaK TPaBu/I0, NPOHIBOAATL PACUET MO
ReACTBUTENEHHM KOSPOHUHeHTaM Tpancdopmaukn. Yxa-
3aHHOe B 0COCEHHOCTH BAXHO 8 YTOYHEHHLIX PacyeTaX MpH
ORpeRENEHHN TOKOB K. 3. MAA wmenei BEBOpa ycTaBoX H
NPOBEPKH MyBCTBHTENBHOCTH PENeHHOM 3alUHTH B YCJAOBHAX
IKCANNYATAUHH.



Ta6auna l-la

Tlapamerps! CHIOBLIX ABYXOOMOTOMHBIX TpancHOpmMATOPOB C PEryJHpoBaHHEM HaNpAKEHHS mMOx Harpyskod

Hanprmenust 4, AN PA3MEELIX
o Houmuanmbeeie Banpiiensd o0moTox, KB SHawenudi PEryTHPYEVOro HanpKe-
n/n. Tumr TpaschonMaTopa HiA,
BH HH MUH. cpensee l MaKC.
[ | TOH-10000/110 115 6,6; 11,0 8,70 10,5 12,36
2 Tﬁg-lﬁﬂmj;l 10 115 6,6; 11,0 9,80 10,5 11,7)
3 | TPIIH-25000/110 115 6.3—6,3; 105—10,5; 6,3—10,5 9,84 10,5 11,72
4 TPH-32000/110 115 6,3—6,3; 10,5—10,5; 6,3—10,5 9,77 10,5 11,58
5 | TPHOH-40000/110 IS 6,3—6.3; 10,5—10,5; 6,3—105 9,59 10,5 11,46
6 | TPIILIH-63000/110 115 6,3—6,3; 105—105; 6,3—105 10,84 10,5 11,90
7 | TPOLIH-80000/110 115 6,3—6,3; 105—10,5; 6,3—10,5 9,76 10,5 11,60
8 | THOLIH-80000/110 15 38,5 9,76 10,5 11,60
9 | TPJHLIH-125000/110 115 10,5—10,6 10,5 10,5 11,9
10 { THH-16000/150 158 66, 11,0 11,5 11,0 10,8
11 | TPIH-32000/150 158 6,3—6,3; 10,5—10,5; 10,5—6,3 10,86 10,5 10,14
12 | TPIH-63000/150 158 6,3—6,3; 10,5—10,5; 10,5—6,3 10,66 10,5 10,0
13 | TPIOH-32000/220 230 6,6—6,6; 11—11; 6,6—11 11,6 12,0 12,7
14 | TPIH-32000/220 230 38,5 11,6 12,0 12,7
15 | TPOIIH-63000/220 230 6,6—6,6; 11—11; 6,6—I1 11,6 12,0 12,7
16 | TPIIIH-63000/220 230 38,5 11,6 12,0 12,7
17 TP IIIH-100000/220 230 11—I1 11,6 12,0 12,7
18 | TPOLIH-100000/220 230 385 11,6 12,0 12,7
19 | TPOLIH-160000/220 230 11—11 11,3 12,0 13,2
20 | TPALH-160000/220 230 38,5 11,3 12,0 13,2
21 TPIH-63000/330 330 6,3—6,3; 6,3—10,5; 105—105 14,3 11,0 8,8
22 | THH-63000/330 3319 38,5 14,3 11,0 8,8

MpumevanHua:

suem 110 xB cooteercreyior I'OCT 12965-74, 1

1. Cocraeneno wno H:E‘HHHH TOCT, neficteATenplbiM Ha 1 Hious 1978 r:
50 ¥B — TOCT 17546-72, 220 xB — I'OCT 15957-70,

BRICILHM HANPHAMKE-

manoﬂmpmm N C
330 xB — I'OCT 17545-72. 2. Perynmpo-

pawme ocyuecTsanercs ¢ nomowibio PMH & wefTpany BH: Ha Tpanchopmaropax ¢ BH 110 xB » npemenax =16% (+9 crymeuch):
Ha TpaHcdopmaTopax ¢ BH 150, 220 u 330 xB » npenenax +12% (ne mewee 8 crynench).

MapaMeTphl CHAOBHIX TPEXOGMOTOYHBIX TPAHCHOPMATOPOB € DEryAMPOBAHHEM HANPAMEHHA MON uarpyskoit

P

Ta6anua 1-16

HouyHabHbie HanpsiHeand o0Mo-

Happaaxenun o, N PasTHURLX sgayemuft pervimpyeMoro

TOK: KB HATpOKeAHd, 9%
‘ﬂfj:- Tun tpaunchopmaropa BEH— HH BH—CH
BH CH HH CH—HH
MITH. cpenuee MAKC. MHEH, Iepemaeel MAKC.
1 | TATH-10000/110/35 115 38,56 6,6;11,0 | 16,66 | 17,0 | 19,50 6,0 9,99 | 10,5 | 12,69
2 | THOTH-16000/110/35 115 38,5 | 6,6;11,0 | 16,4 | 17,0 | 18,5 6,0 | 9,5 | 10,5 | 11,69
3 | TOTH-16000/110/35* 115 38,5 6,6; 11,0 9,58 | 10,56 | 11,79 6.0 16,48 | 17,0 | 18,58
4 | TAOTH-25000/110/10 115 11,0 6 17,47 | 17,5 | 19,5 6,5 9,99 10,5 | 11,86
5 | THATH-25000/110/35 115 38,5 6,6;11,0 | 17,47 | 17,5 | 19,5 6,5 9,99 | 10,5 | 11,86
6 | THOTH-40000/110/10 115 11,0 6,6 17,04 | 17,5 | 19,29 6,5 9,52 | 10,5 | 11,56
7 | TATH-40000/110/35 115 38,5 6,6;11,0 | 17,04 | 17,5 | 19,29 6,5 9,52 | 10,5 | 11,56
8 | TITH-40000/110/10* 115 11,0 ,6 9,5 10,5 | 11,6 6,5 17,08 | 17,5 | 19,30
9 | THATH-40000/110/35* 115 38,5 6,6;11,0 9,5 10,5 | 11,6 6,5 | 17,03} 17,5 | 19,30
10 | THATH-63000/110/10 115 11,0 6,6 t7,14 | 17,5 | 19,20 7,0 10,1 10,5 | 10,9
11 TOIH-63000/110/35 115 38,5 6,6; 11,0 17,14 | 17,5 | 19,20 7,0 10,1 10,5 | 10,9
12 | TATH-63000/110/10* 115 11,0 6,6 10,1 10,5 | 11,9 7,0 17,2 17,5 | 19,3
13 | THATH-63000/110/35* 115 38,5 6,6;11,0 | 10,1 10,5 | 11,9 7.0 | 17,2 17,5 | 19,3
14 | TATH-80000/110/10 115 11,0 6 18,25 | 18,5 | 20,47 7,0 | 10,28 11,0 | 12,33
15 | TATH-80000/110/35 115 38,5 | 6,6;11,0 | 18,25 | 18,5 | 20,47 | 7,0 | 10,28} 11,0 | 12,33
16 | TOTH-B0000/110/10% 115 1,0 ,6 10,22 | 11,0 | 12,13 7,0 } 18,15 | 18,5 | 20,27
17 { TATH-80000/110/35* 1156 38,5 6,6;11,0 10,22 | 11,0 | 12,13 7,0 18,15 | 18,5 | 20,27
18 | TATH-16000/150/35 158 38,5 6,6;11,0 | 18,27 | 18,0 } 17,23 6,0 | 11,41 10,5 | 10,38
19 | THATH-26000/150/35 158 38,5 6,6;11,0 18,50 | 18,0 | 17,42 6,0 11,42 { 10,5 | 10,4
20 | THATH-40000/150/35 158 38,5 6,6; 11,0 | 18,57 | 18,0 | 17,77 6,0 | 11,12 ] 10,5 | 10,25
21 TATH-63000/150/35 158 38,5 6,6;11,0 18,3 18,0 | 17,3 6,0 10,99 | 10,5 { 10,13
22 | TATH-25000/220/35 230 | 22;38,5| 6,6;11,0 19,5 20,0 | 20,4 6,5 12,4 12,5 | 13,4
23 | THTH-40000/220/35 230 |22;38,5( 6,6;11,0 [ 29,3 22,0 | 19,0 9,5 | 16,8 12,5 9.8
24 | THATH-40000/220/35** 230 | 22:38,5| 6,6;11,0 | 18,6 12,5 9,9 9,5 | 28,2 22 19,2
25 | TALITH-63000/220/35 230 | 22;%38,5| 6,6; 11,0 [ 30,4 24 19,7 10,5 | 17,9 12,5 | 10,5
26 | THALITH-63000/220/35** 230 | 22,38,5| 6.6;11,0 | 17,7 12,5 | 10,4 10,5 | 29,6 24,0 | 20,0

NMpumeuauns: 1. Cocraenewp no paunkm FOCT, neficrewtenbibim Ha | wions 1978 r.: Tpamcdopmatoput ¢ BH 110 kB cooT-

@ercrayior I'OCT 12965-74, 150 xB — I'OCT 17546-72, 220 xB — IOCT 15957

=70,

330 kB —I'OCT 17545-72. 2

peanoykolf oGo3HaveHE!

rpancdopMaTopsl, BuifloAHeMHbIe M0 BADHAHTY fi. 4 NpuMewanus k Tabn. 5 T'OCT 12965-74. 3. Ilsymsa see3foukaMu oOo3Hauenn Tpauchop-
MaTOPbl, BHNOJHEMHBIE NO BapHauTy n. 2 npumedawus x Tabn 7 TOCT 15957-70. 4. PeryaWpoBaHue oOCYULECTBASETCH € NOMOULBIO PMNH

B mefitpaan BH: wWa rpauscd
Ha tpanchopmaropax ¢ BH 1

maTopax ¢ BH 110 kB (nm. 1—I7)

8 npenenax =169 (=9 crynenefl) n NBB ua cropone CH +2x25%;
K 220 kB (nm. 18—26) e npemenax =12% {(ue menee B cryneuwefl) u I1BB na cropone CH.

T



Ta6nuua lis

Tlapamerphl CHNOBMX ABTOTPAHCHOPMATOPOB ¢ Pery/NHPOBaAHHEM HANPAKEHHA NOJ HArPY3KOM

Homupa/minie ranpawesus oluorox, |  HERDMHems vy, BN pasmiiubx SHauepdt perviu-
kB DYEMOrs Hanpamedus, %
BH—HH CH—-HH [ BH—CH
Tun asrotpancihopMaTopa Mmﬁymm
i BH CH HH « ] £
-E' = % J ¢ - = o
z % = E =
z AHHHEIFIHEIE
1 | ATZTH-32000220/110 230 121 6.6:11,0;38,5{ — [340| — (22,5|21,0(23.0]20,0|11,0] 7.0
2 | ATOLLTH-63000/220/110 230 121 6,6;11,0;38,5]1 — |350| — |24,5(|22,0]925,.0|21,0|11.0} 7.0
3 | ATOLITH-125000/220/110 230 121 s.s:négl:sls.s: — |30 20.3| 19,0 | 20,1 18,9 {1t,0] 6,8 |] PTH ea cropore CH
3 B mEna + 529
4 | ATALITH-200000/22¢/110 230 121 16,6;11,0;13,8;| — 132,01 — [21.5]27,0|21,2]|19.4|11,0| 6,7|( me uegee 26 c'r.y.
15,75; 38,5 nexef
5 | ATZLITH-250000,220/110 2% 21 !;-3;'33“3 — |320) — |23.0{20.0{21,8]|2.,9|11,0] 7,1
6 125000/ 330 11 6,6: 11,0: = 0 — |2 1
ATOLITH-12 '330/110 5 S e s 35,0 2.,6|22,0})22,1110,3]10,0] 10,8 PO » muams CH
7 | ATALLTH-200000/330/110 330 s 6,6; 11,0; — |34,0) — [27,2]|22,5)20,3|10.6{10,0]11,0 +12%; ue mesee
15,75; 38,5 +6 cTyneuelt
8 | ATHALITH-125000/500°1 10 500 121 6,6; 11,0; 38,5 25,0 24,0 | 23.0{ 16,0 13.0( 11,0| 10.5 ] 10,5} 10,5 Ele%m
. He Me-
PrTH » [Fe2 28 S~
9 | ATALITH-250000/500/110 500 121 11,0; 38,5 26,0(24,0|23,0|16,0|13,0|11,0(10.5(10,5] 10,5 mfn‘:Pﬂ' I:'I:Ial.‘?é'
—ll, oT
CH =8 cry-
neseli
10 | AOALITH-167000j500:220 | 500/V3 | 230/VF | 11,0;13,8; | — |35.0] — |25,0|21.5]20.0| 12,0} 11,0 12,@1 +12,369,;
|5.7§é2ﬂ.0; T QM
= i .5
11 | AOOLITH-267000/500/220 500/¥V3 | 230/V3 11,0; 13,8; — 23,0 — |18,0]12,5|12,5| 9.0/ 8,5 9.5 'P!THm +11,2%;
15,75; 20,0;  cropore| +8 etTvie
L 2 38,5 i} CH Hefl
12 | AONLITH-167000/500/330 | 500/¥'3 | 330/¥3 | t1,0; 38,5 | — |67.0f — |77,0(61,0/52,0[13.5] 9,5]10,0 2129, ge
MEHESs -+
] cryneneh
Mpumegannn: | TaGamua cocTasaeda no nanubiM TOCT, pefiereerenpHny Ha 1 wions 1978 r. 2 AsToTpancdopMaTophr

C BLICINHM HampsleHHeMm 220 xB cooreercteyror FOCT 15957-70, 330 kB — FOCT 17545-72: 500 xB — TOCT 17544-72. 3. HanpsaerHs K. 3.

BH—CH vkasaHm npn MAKCHMaNpHOM BRICINEM HANDAXEHHH, a
iem Hﬂl'l'pﬂ)HEHHII.

B npuaoxenuy II1<I pnana oGoGlleHHas DueHKa H3Me-
HeHWHl COMpOTHBJAEHHA H TOKOB K. 3. B LeNAX, CONepIKainux
TPancHOpMaTOPsl € PeryaHPOBAMHEM HaNpPSIKCHHS B 33BH-
CHMOCTH OT NOJOMEHHA NepeKkJIcuaTenn OTBeTB/EHHA.

1-3. COCTABAEHME CXEM 3AMELLEHMA
NPMBEAEHMEM NAPAMETPOB BCEX 3NEMEHTOB
K OQHOH CTYNEHH HANPIKEHMA MO CPEAHMM
KOIDDOHLMEHTAM TPAHCDOPMALLMH.
FIPMEMAXEHHBIA YYET CHCTEMbBI

1. Pacyern ynpouwalotcH TpH nprHONHKeHHOM NpHBe-
JeHHH K ORHOA cTymnerH Hanpmwenks. [lpy 3ToM nas
KamIoH CTYNeHH TpaHChHOpMauHKy YCT2HABAHBAETCH OIHO
(s:paILHee HOMHHaAbHOe HamipfiakeHwe, a HMenno: 1150; 7350;

15; 400; 340; 230; 154; 115; 37; 10,5; 6,3; 3,15 kB [1].
Hampsaxenus xonocroro xonza TpancdopMaTOpOB OPHHH-
MAIOTCH PaBHBIME CPEHHM HOMHHANBHEM HATPAMKEHHAM H,
cyenoBaTenbHo, KOappHUKeHTH TpanchopMauul Tpancdop-
MaTOpOB, KaK NOBHIUAKIUWIKX, TaK H TOHHMKAIOWMX, JONY-
YAIOTCH PABHHIMH OTHOLIGHMI0 TaK¥e CPENHHX HOMHHAJL-
HLIX Hampsxenkil. Bxonsfiee ® BHpaKeHHS @A NpHBeaE-
HHSL K OIHOH CTYMeHH HANPAIKEHHH NPOH3BENEHHe CPENHHX
K03OOHUHEHTOB TPaHCHOPMALHE KACKANHO BKJIOYEITHBIX
TpancopMaTopoB (cM. phc. 1-1,8) npmuEMaeT HpoCTOH
BHI:

Ucpn Ucpn

Ucp(n-l.) =U¢p‘l ’

Uepnt Ugpint
Ut U

RegoRipi » 0.5 Mcgs W6

H2NPAMEHHY K. 3.

BEH—HH— 5 CH—HH — npH HOMHHAJALHOM HH3-

rie Uep 1 — cpenHee HOMHRANLHOE MHATPAXEHHE CTYINEHH,
C KOTOpOR mnpousBoyHTCA nepecyer; Ucpm — TO e anm
BHGpaHEHO#l OCHOBHONR CTVNEHH.

Pacyetnnie suipaenns (1-1), (1-2), (1-5) ® (1-6a)
Bn51 MPHBEIEHHA 3. J. C. H CONPOTHBJEHRH B HMEHOBAKHLIX
@AHHKIAX, YYHTLIBaf, NTO Ea CTYJleHH, ¢ KOTOpPOH TpOH3-
BoaKTcH nepecyeT, Us=Ucpy, MOXKHO B 3TOM Cayuae np-
BECTH ¥ BHAY:

b = Ucpn
Ua (1-13p
o Uepn \?
E2=1Z : 1-14
E == Fmﬁcpni (1-t5)
o U?
Z=Zy—g— (1-16)
+* B

B cooreerctBuu ¢ (1-13)—(1-18) nna yapoluerHoro
pacyeTa B IMEHOBAHHBIX eaHHHLAX TpebyeTcs 3HaTh JHLIE
cpefHHe HOMHHaabHble HanpaxXeHHA Uepn oCHOBHOI CTY-
NeHH K cpelilee HOMHHaJbHOEe Hanpaxeue Uep1 <Tyne-
HH, Ha KOTOpOH HAXOHHTCHA SIeMeKT, 3. M, ¢. M CONpPOTHB-
NEeHESA KOTOPOro NPHBOUATCH K OCHOBHOH CTYMEHM.

2. Pacuernuie supawennsa (1-7), (1-8a), (19) »
(1-10a) mna npuBeneHHA 3. A. €. B CONPOTHBAEHKH B OTHO-
CHTeABHHIX eAHHHIAX,, NpHHMMAH Ga3HCHOE HANPAKEHHe
PABHHM CPeIHEMY HOMHHAJIbIOMY HANPSIKEHHI) OCHOBHOR



cryneu (Us=Ucpn) H yuHTHBas, WTO Ha CTyMleHH, € KO-
Topofi npouzsoanTcs nepecuer, Up=Usp1, MO¥KHO B 3TOM
cllyuae OpHEECTH K BHIOY: ’

. E
Eqm = z 1-17
*( ) Ucp[ ( )
Sg
Zigy= 2 . 1-18
Z(s) U (1-18)
f“lﬁ} = ftm; (1-17a)
Ss
Zor=Zm) g - (1-18a)

B (1-17)—(1-182) HanpmxerHe OCHOBHOH CTyNeHu
OTCYTCTBYeT. TakiM 06330M, 3. 4. C. H CONPOTHBAEHHS OKa-
3BIBAIOTCA ABTOMAaTHYECKH OTHECEHHBIMH K ofiHol! (OCHOBHOH)
cTyneny HanpsxeHus. 310 ofycnoBneio TeM, 4TO, KaK oOT-
MeueHO, Ga3ucHOe HaNps¥ieHHe UPHHATO PABHBEM CPELHeMY
Hanpsixennio ocHoBHo# ctynend (Ug=Uecpa)-

Kax BuaHO, NpHBeleHHe 110 CpeaHuM Ko3DOHLHeHTaMm
TpanchopMaunH BecbMa YIpoilaeT pacueT, B 0COOGEHHOCTH
MpH BHPAXEHHH 9SJEMEHTOB B OTHOCHTE/BHEIX eAHHHUAX.
Onnaxo Takoe NPHOMDKEHHOe NPUBENEHHE BHOCHT H3IBECT-
HYI0 NOTPeliHOCTE H TIPHMEHATh ero CAeiyeT B pacueTax,
xoraa Gonpluas TOYHOCTL He Tpelyercs.

3. Cnexyer oTMETHTb, ¥TO B CJyYasx, Koma Tpebyercs
BHYHCNEHHE COOTHOUIeHHH NPH K. 3. TOMBLKO B HeGONbIIOH
YacTH MOLIHONR CHCTEMEl, MOXXHO TIPEACTaBHTbL OCTalIBHYIO
YacTb CHCTEMEl B BHAE YAPOUIEHHON FKBHBANEGHTHON CXeMH,
NpHBEAEHHOA K Y3NaM NPHMBIKAHHA YaCTH CHCTEMEL, COXpa-
HAEMO# HeH3MeHHOM.

INpu onnoit Touxe npumbikavust [1] B measx ynpoute-
HHA MOXHO }""{TH-BaTb TOJNBKO peaﬁc'mmme COILDOTHBAEHRE
CHCTeMH Xc. JlNf ONpensenerds STOM0 CONPOTHBNEHHS MOX-
HO HCXOAHWTb u3 ToKa Tpexdpasnoro «. 3. [x HIH CoOTBeT-
CTBYIOIIER MOUIHOCTH Sk, BEIBBAHHBIX YKa3aWHON CHCTEMOH
B y3je DNpPHMBIKaHHA.

Tlpn pacuete B HMeHOBEHHHIX @IHHHIAX DE3YJLTHPYIO-
iee CDTIPOTHBJI&HH& CHCTEMKE!

UI'_‘ U'C

(al ;lg[.‘!)ﬂ pacieTe B OTHOCHTENBEHBLIX €IHHHNAX, YYHTLIBAA
_ VBxlds  Is S
$ET O RS S

rae I W So—mMpuHATHE NS CHCTeMBl GasUCHBIA TOK H
6asucHar MoOIIHOCTD; Uc — sxBupanentnas 5. 1. C., o6beui-
HAIOLIAS TeHEDATOpbl H HANPY3KH CHCTeMbl ¥ YYWTHIBaeMan
KaK HeTOUMHK Oeckoneynoli MowmocT; suaveune U 3a-
BHCHT OT paboThl CHCTEMBl B DEXHME TPHEMAa HAM BhizauH
N0 peakTHBHON MOIMHOCTH H MOXET OTAWMAThCS B Ty HJH
EPYCYIO CTOPOHY OT HOMHHANBHOCO HATPSKEHHS.

DKBHBaJEHTHPOBaHKE HACTH CHCTEeMEl, HMelOled me-
CKONBKO TOYEK NMPHMHKAHHA K COXDAaHAEMO# YacTH CHeTe-
Mbl, KOTOp2s NOLNEXHT A€TalpHOMY HCCARLOBaHHIO, Ppac-
cugmpugae'ma DpuMEeHHTeJ]bHO 'K pacyeTaMm Ha 3BM
] 4-5.

1-4. COCTABNEHME CXEM 3AMELWEHUSA
C TPAHCOOPMATOPHBIMM CBA3AMM

1. B nannom cnyyae B ¢xeMax 3aMelleNHR COXPaHFIOT-
cfi TpanchopMaTOpHLie CBA3H. DTo ofecneyHBaeT IpH pace
HeTaX TOKOB K. 3. HelIOCPeACTBEHHOE MNOJYYeHHe HATypanib-
HBIX (HCTHHHBIX) 3HayeHHli TOKOBR W Halps)KeHHA Ha pas-
HBIX CTynensx Hampsoxewuii. Ilpu stom npuauMaercs, urto
pacyeT NPOM3BOAHTCA B HMEHOBAHHEIX €AHHHIAX (CM. Tak-
e § 2-4,B).

Puc. 1-2. Hcxonnar cxema (@) n IN-06paskas cxemva 3ame-
ulenus (6) HBYXOGMOTOYHOIO TpaHCcPopMmaTopa.

Ilpn paGore CHMOBLIX TpahcOPMATOPOR H ABTOTPAHC-
¢opMaTOPOB C pPasiHYHLIMH OTBETBJIEHHAMH IS DeryJH-
POBZHHA HaNpPSKeHHA TakoH pacuer oBsisan c ueobxonu-
MOCTBIO TIPH NEpPeKNOYeHHH OTBCTBJEHHA Nepecuera TO.IbKO
CONpOTHBJEHUH TPaHCPOPMATOPOB TPH COXPaHEHITH HEH3-
MEHHHMH COMPOTHBJEHHHA JQPYrHX 3JeMeHToR cxeMb. B To
e BpPEMA NpPH COCTAaBJEHHH CXEMbl 3aMEIUEHHS C NpHBE-
JEeHHEM BCeX COMPOTHBAEHHH K OaHO# cTynefH Hanpsxkenwi
OpH NEepekIOHeHHH OTBEeTBJeHHIT noTpebyerca nepecyer Tak-
e CONPOTHBJICHHH MHOTHX 3J€MEHTOB CXeMbl; KpoMe TOro,
HaxOXAeHHe HaTypaJbHbIX 3HayeHHH TOKOB M HanpsixenuA
CBf3aHO ¢ TlePecyeTaMH B COOTBETCTBHH ¢ kKo3ddHUHeHTAMA
Tpa‘}loq:l%pmam TpanchopMaTopos.

2 COOTBETCTBHH CO CKA3aHHBIM MOMXET OKasaThCH
uesecoo6pa3HbIM BO MHOTHX CRyYasiX COXpaHERHe B CXEMAaX
3aMmellleHHn TpaHchopMaTopHEX cBA3el. JlayxoOuorouHbie
TpaHcHOpMaATOPE MOCYT YUYHTHIBRTBCA NPH 3TOM  YIIpo-
lleHHol cxeMoil 663 BeTBH HaMarHHU¥BaHMA, COCTOALLEH H3
NOCNSIOBATENBHO BKJIOYEHHOTO CONPOTHUBNEHHS DPaccesHHS
Zy W upeanpHoro TpanucgopMartopa ¢ XKoadduiuHeHTOM
tpauchopmawsy ke (puc. 1-2.a).

Ipn nchonb3oBaHHM ANA PaCYeTOB TOKOB K. 3. MOne-
nefl nmepeMeHHOrO ToOKa TPancPOPMATOPHl CBA3H MEWAY
OTACJILHLIMH CTYNEHAMH HallPSKEHHs HellOCPeICTREHHO BBD-
AATCH B CXeMbl 3aMelleHHSA.

Ilpy mpemonbsopanuH DBM moxer Guith npuMenena
A aeyxobmoTouHoro Tpancopmaropa I1-o6pasiias cxema
3aMellleHHsT € SneKTpHueckHMH cesizaMu [48 w 27), koro-
paH npu coeHHenHH ofMoTok no cxeMe Y /Y ofecneunBaer
HaTypanbHble TOKH H HalipshkeHHA Ha o6eHX cTopOHax
TpanchopMmaropa (puc. 1-2,6).

Crenyer o6paTHTs 0Co60e BRUMaNMe, Ha TO, 4TO
CTPYKTYpa CXeMBl 3aMelleHHs To puc. 1-2,6 cTporo ysm3a-
Ha € PﬂO!IOJIID)KE‘HHEM 3neMeHTOB B HCXO,‘IHIZI;{ cxeMe 1o
puc. 1-2,a, a uMeHHO, YTO conpoTHeneHHe Z; IpHUSENeHO
K eHH HanpsKeHus wun If.

OCTABNEHHE CXeM 32MELIEHHS PasJHYRHEMH cnocobami
HIMIOCTPHPYETCA HHME Ha KOHKPETHbIX TpHMEepax.

1.5. NPUMEPLI PACYETOR

DNpumep 1-1. CocTaBHTb cxeMy 3aMeLIEHHWs H onpeje-
JINTH HaYaNbhble 3HAYEHUS NEPHONUHECKOH cJaraiouied To-
XOB Ha OTAENBHLIX YYaCTKaX CXeMhl NpPH Tpex{)asHOM kK. 3.
B Touke K=1 ma puc. 1-3.

@ Cucmema 220 w8

Puc. 1-3. Hcxognad cxema Aas npHMepa pacuyera.
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Puc. 1-4. Cxema sameinenust K npumepy 1-1 (Tounoe mpu-
BeliCHHe B MMEHOBAHHHIX eiWHHL{aX).

PacueT NpOBOIHTCA TOYHEHM J(IpHBEAEHHEM K ORHOH
CTYNEHH HANPSKEHHA B HMEHOBAHHLIX H OTHOCHTENEHHIX
elHHEIAX (B LeAAX HAMICTPauMH pellexHs ©0OHMM cno-
cofaMu), NpHueM 78 YOPOILEHHS pPelleHnHs HATPYSKH H
AKTHBKEE COCTABJSMICLIHe CONPOTHB/EHHH Ke YWHTEBAKTCH.

DneMeHTH CxeMH ‘Ha pHC. 1-3 XxapakTepusylorca che-
AYIOUHMH AaHHBIMK:

cucrema 220 kB, x.=16,2 Om, o 4. ¢. Ec=220 kB
{OpHEHTHPOBOUHO) ;

asrorpancdopmaropu AT-I u AT-2 no S=63 MB-A,
220/121+12% /38,5 xB; Upc=14,4/126/11,5%; Uca=
=19,3/13,1/9,5%; Upn=189% (conpoTusnenust yKasaHsul
8 NopsnKe, COOTBETCTBYIOLUEM HaDaCTaHHIO PEryJHpyeMoro
manpsikerns wma crynesH 110 xB 4,

" runporeseparop I-I: S=57 MB-A, 63 kB, x"a=
0 »

TpaucopMarop 7-1: §=63 MB-A, 115/6,3 xB, u, =

auund JI-1 gauuoit 100 kM 2 JI-2 anuvolt 62 uMm, x=
=0,4 Om/xm.

a] TouHoe NpHBEEHHE B MMEHOBAHHLIX efMMMLaX

CocraprienHasi CXeMa 3aMelllesnns JaHa Ha gnt:. 1-4, nae
B KauecTBe OCHOmHOH sipnusTa cTymess 220 xB. Xon pac-
yeTa NOKa3aH HHXKe ;iJIA YC/oBHA paboTe apToTpaHcdopma-
TOPOR € MHHHMANBHBIM DEryNHPYeMbIM HalpskeHHeM CO
CTOPOHBl CPEIHEro HalpXKCHHA.

PeakTHpHbIE COMPOTHB/ACHKA NO CXeMe 3aMEIICHHS Ha
puc. 1-4 asrorpanchopmaTopos AT-I u AT-2 ¢ ydeToM
NONOKeHHA MepexaioyaTensi JJjAa peryjHpoBawua kKo3ddu-
gyuenTa TpaHchOpMalHy JON HArpyskOH MPH MHHHMaJbLHOM
SIHaYEHUH PeryaHpyeMoro Harpsakenus xa cropoke 110 ¥B
(U=106,5 kB):

0,5(14,4 4 18.9—19,3)

Xp= 100 ~ =0,070;
0,5(14,4 4- 19,3 — 18.9

xo = LRt S B0 0,04,
0,5(18,0 4 19,3 — 14,4

e D208 9"‘100 ) _0,110.

@aKTHEHLIE CO-

Hcooneays (1-1)—(1-6G5), yaem
ya (1-1)—(1-60), nony g

npoTuenesus asTorpaxcdopmaropos AT-

2902
Xy = xs = 0,070 —63-—'=53.7 Om;

! Tlpunarwe nas AT-1 w AT-2 napameTpbel HECKOABKO OTAH-
WAlTCA OT NpHBeAeHHHX B Tada. l-1 ans aerorpaHcdopMaTOPOB
T O e THNa.

10

2902

Xg = Xq =0,074'W =56.9 OM:

2202
Xy = Xg =0,IIQT=-91.3 Ow;

naa cuctemn 220 kKB x, = 16,2 Ou; Ec g= 220/V'3 xB;

PeaKTHBHEIE <CONPOTHBJACHHA:
auHuH JI-1 x:=0,4-100=40 On;

2202
nuvn JI-2 xy = 0,4-62 15557 =105,5 Owm;

rpanopopmaropa T-1
115 2202
Xy == 0,105 *EEH'TEJ—G,_S?zga'B Ou;

reueparopa I-1

6,32 1152 2202
x“ = 0. 282 57 '_6)32 - 106’53 =282 OM,
¢asuas 3. n. c. revepatopa I-1
6,3 115 220 237

Er.dl= VB—-G":E- 106,5_ V-a— KB.
TlocnenoBaTenLKLIM COBNHHEHHEM CONPOTHBJGHHI CXe-
MH N0 puc. 1-4 noayunM:

Xig=X1}x2=16,2-]-40=56,2 Om;
X13=Xg}X10--%11=105,5-1-93,8-1-282—=481,3 Om;
X=xg-+%7—"53,7-1-56,9=110,6 Ou.

CxeMa 3aMellleHHsi Ha pHC. 1-4 NpHBOAHTCA K BHAY,
noKasaHHoMy Ha pHc. 1-5,a.

IpeoBpasyeM TpeyroJEHHK C SJEMEHTAMH Xs, X4, Xna
B 3KBHBAJEHTHYIO 3Be3]ly, PeaKTHBHHE COMNPOTHBJEHHA Jy-
ueff KOTOPOH PaBHBI

XsXyg 53,7-110,6 .
X36™ 3T %X + X1 93,7+ 56,94 10,6
= 26,9 Om;
%16=28,4 OM; x7=13,8 Om.

JlaneHefillee ynpolueKHe cxeMu OOCCIEYHBAeTCH 32
cYeT CJAOXEHHA nocnenoBaTesIbHO COCHHHEHHBIX 3NeMeHTOR:
x.,=xl,—}—x15=56,2+26,9=83,1 Om;
xlp-_—X|a+x;5=481.3-i—28'4=509,7 Owu;
Xoo==x5-}%17=91,3+13,8=105,1 Ox.

CXeMH 3aMeweHHsa Mo

Pnc. 1-5. Dranu npeolpasoBanHs
puc. 1-4.



Tlocne yka3aHHEIX YMPOIIEHHE NONYYHM CXeMY, NpHBe-
neuHylo Ha puc. 1-5,6. PesyabTHpyiOlee DeakTHBHoe CO-
TPOTHBNEHHE CXeME OTHOCHTEMbHO Toukk K-I pasro:

xlgx-.. 83,!'50917

Xy == Xus T %1e 4 %50 = '——'5-52—"8—"--{-105,] =176 Om.

Peaynetupyiomas cdasuas s. 1. c.
(237/V°3)-83,1 4- (220/V'3)-509,7
609,7 4- 83,1

Ilpu k. 3. B Toyke K-I TOK B MecTe K. 3., IIpHBeleH-
#uft K cTynenn 220 xB

I,=128/176=0,726 A *.

Tox, npuseleHHm#i Kk cropoHe 220 kB, 8B
< 3. . ¢. E¢ cxemul mo pHe. 1-56

2207V 3 —0,726-105, 1

=128 xB.

By

BETBH

I= 83.1 =0,607 KA,
a B BETBH ¢ 5. 4. ¢ Ep
7 —0,726-105,1

TMo n3BecTHRIM TOKEM B Jyuax 3sesfnl ua pHc. 1-56
HETPYAHO HaHTH TOKH B CTOPOHaX TpEYTONLHHKA X3, X4,
x4 (puc. 1-5,a), & 3HaunT, W Ha pHc. 1-4. [TonyyenHoe TO-
KopacrpefeNneHHe MokasaHo va puc. 1-4 u 1-5.

HatypanbHble TOKH B JeHCTBHTE/NLHON Cxeme, TNOKa38H-
ubie Ha pHc. 1-6, HaxoasTCA NpH YyYeTe AEHCTBHTEABHBIX
«osduLnenToB TpancopMaUHH cledyiomWHM o6pasoM:

TOK B MECTE K. 3.

I=0,726 -220/38,5=4,15 KA;

ToK B obmoTke 110 kB AT-1
1=0,236-220/106,5=0,487 kA;

70K B obmoTke 110 xB AT-2
I1=0,117-220/106,5=0,242 xA;

TOK, DOChIAeMHIi K MECTy K. 3. CTRHLUHEH Ha cTopoHe

110 B,
1=0,119-220/106,5=0,245 xA.

6] TouHOE NPHEEAEHHME B OTHOCHTENbHLIX €RMHMUAX

3a GasucHylo MoliHOCT, mpumer Se=1000 MB-A, 3a
6asucHOe HanpsiKeHHe — Hanpsixenne obmotkn BH asTo-
TpancdopmaTopos Upr=220 kB; Gasucuwilt Tok Ha DawHoM
CTYNEHH OMPEJENIHTCH K&K

1000
ol V3.220

Tlpu ToyHOM npHueenennHs HcXoas w3  {1-7)—(1-106)
OTHOCHTENEHLIE PEAKTHEHLIE CONPOTHBNCHMA CXEMH COMNac-
HO puc. 1-7 OynyT clIemgyomHe.

Peaxktusume conporuenenus (Om) AT-1 u AT-2 no
CXeme 3aMeuleHHA Ha pHc. 1-7 ¢ ydyerom MapamMerpoB Xa,
X¢ M Xm, COOTBETCTBYIOIUHX TMOJIOMEHHIO NCPEKIIOuATe s
N5 PEeryJHpOBaHHA KoapdhHuHeHTa TpaHChOPMaLHE MoK
Harpyskofl NpH MHHHMAJEHOM 3HAUCHHH PETyAHpYEMOro Ha-
npspkeHHs Ha ctopore 110 kB, paenmb:

xa=x’=0.070-1000/63= 1,111;
*

-

X = Xy = 0,074.1000/63 = 1,175;
* *
%5 = xg = 0,119-1000/63 = 1,890.
L -

=2,62 kA.

* B npumepax 1-1—14 @npH onpefencHHEE TOHOB B Ueasn
YOPOLIeHHA YUHTHBAeTCA CONPOTHBACHHE X BMECTO (X

_@_{:

77T W 0,607
oo I guw7 1
AT-1 ”_ZQT. 0,245 -1 1
0,242
4,151
k-1 o
K-

Puc. 1-6. Tokopacnpesienenne B JMEHCTBHTEAbLHOM CXeMe @O
puc. 1-3 nas npemepa -1

s cuctenm 220 kB
%, = 16,2-1000/2202 = 0,334;
*
E.=220/220=11, 0.
-

PeaxTHBRLE COTPOTHBJIEHHA:

auunm J7-1
0,4-100-1000

S =0,825;

)2183

1000y 7 220
)*\ tm.sz) =1.94

Xp —
-

JWHHH JT-2

= (o00-25)

Tpancdopmaropa -/
1152
Xy = (0’105‘ 290t ' T63

reneparopa I'-/
i (0.235
L3
Ero s. n. c.
6,3\ 115 220
£e= (3 ) (6.3 105.5 )=

TIpeo6pa30BaHHAME AHANOTHYHO NPHBENEHHbLIM
B HMEHOBAHHHX
puc. 1-8,a u 6.

6,3 1000/ 1152
2207 " )( 6,30

106, 52) =5,82.

BhIIlIE

EIHHHUAX IMONYYHM nNOCAEIOBATENEHO

Pue. 1-7. Cxema 3ameileRHa K npumepy k-1 (towHOe DpH-
pejense B OTHOCHTEABHBIX €/MHHLIAX).
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<10 ez ppyu
E=10 Dy

7759

Prc, 1%8. Oranu Npeo6pazoBaHMA CXeMH 3AMELLEHHS MO
puc. 1-7.

PeayneTHpyiouiee pPeakTHBHO® CONPOTHBJAEHHE CXEMH
oTHocHTesbno ToukH K-1 paso:

X18X19 1,713-10,5
* » »
G Gt 0= T3 10,512 177 =3.648.
- -
PesyasTHpylowan 3. . ¢
1,0-10,5 4 1,078.1,713
Epe= 10,5+ 1,713

Ipe k. 3. B K-1 ToK B MecTe K. 3., OTH. ed.:

I,=1,01/3,648 = 0,277.
L}
Tox 8 BerBH ¢ 3. O. c. Es no puc. 1-86

[ =(1—0,277-2,177)/1,713 = 0,232;
-

=1,01,

B BeTBH C 5. 1. ¢ Er
1 = (1,078 —0,277.2,177)/10,5 = 0,045,
-

[Mo H3BECTHBIM TOKAM B JyyaX 3Be3nm Ha pHc. 1-8,6
MOMHO HaHTH TOKH B CTOPOHaX TPEYTOJIbEHKA Xs, X4 Xi4
{prc. 1-8,2), a 3Haumt, ¥ B cxeMe puc. 1-7. [MoayueHHoe
TOKOpacnpefeseHne NoKasaHo Ha pHe. 1-7 u 1-8.

HarypanuHuie TOkM B CxeMe HaXoOATCR MNPH  yueTe
AeficTBuTeNleHbIX  KospruuuenTtos TpavcopMalue u Ga-
sucHoro Toka croporn 220 kB (Jer=2,62 kA) caenymomum
obpa3oM:

TOK B MecTe K. 3.

220
fe=0,277-2,62 m:d, 15 kA;

ToK B ofmorke [10 kKB AT-1
1=0,089-2,62-220/106,5=0,484 kA,

Tok B obmotke 110 kB AT-2
1=0,044-2,62-220/106,5=0,239 kA;

TOK, NOCHNaeMulii K MecTy K. 3. CT2HUMeR Ha CTOpOHe
110 kB,

I1==0,045-2,62-220/106,5=0,245 xA;
TOK, NOCHJaeMulil cucTeMolt K Mecty K. 3.,
1=0,232-2,62-220/220=0,607 xA.

BriugcneHHbie HATYPANLHBIE TOKH HPAKTHUECKH COBMa-
JIaloT C NpHBENEHHBIMH Ha puc. 1-6 npu pacyere B MMEHO-
BaKHLIX €JHHHLAX.

fNpumep 1-2, JIng ucxodublx paHHbX mnpumepa |1-|
ONpEnEIHTh HavyaJibHble 3HauyeHHs HC]]HOII.I‘I‘I&EHOFI charamw-
wefi TOKOB, TIPOTEKAOLHX uepes aBTOTpaHcHOPMaTOpsl NMpH
TpexdrasHoM K. 3. B Toukax K-2 m K-3 cxemul mo prc. 1-3,
LA cy4as OTKMOYeHHA CTanuuK Ha ctopore 110 kB.

Paccmotpers pexym pafoTel  aBTOTpaHcopMaTopoB
Ha CpegveM M OBYX KPaWHHX OTBETBJICHHAX JJIA peryiMpo-
BaHHA HAMPAXEHHMA H CPABHMTb TOKM K. 3. NpH paGoTe H2
paaﬁmx OTBETBJIEHHAX.

PacyeT npoBOgMTCY B MMCHOBAHUEIX eJMHHUAX NpR
npueenenun K crynedn 220 kB, npunstofi 3a ocHOBHYIO.

Cxema 3aMeLleHMA, COCTABJEHHAA 1O HCXOAHBIM Jdail-
ueiM npumepa 1-1 u puc. 1-4, pava wa puc. 1-9. 3navenns
CONPOTHBNEHKR Xs}-X; Xet-X; H Xp 3aNHCAHH JAJA Tpex
OTBETBNIEHHHI B TOPAfKe HAPACTaHHA peryJHpyeMoro Ha-
npAmKeHHA OGMOTKH CPeAHEer0 HanpsXeHHs aBTOTpaKcop-
MaTopa. JHAYeHWsl STHX COTPOTHBJIEHHHA, COOTBETCTBYIO-
wHe MuHHMAaJbHOMY 3HAYEHHIO PEryJHPYEMOro HafpAIKEHus
Ha cropore !10 kB asroTpancdiopMaTops, Obl/IK NOJNYYEHbR
B npuMepe 1-1. AHaMOrHYKO PACCUMTLIBAIOTCA 3HAYEHHA cO-
NPOTHBJIEHHH, COOTBETCTBYIOLIME CPEAHEMY, H MaKCHMaib-
HOMY 3HAUEHHAM DPEryJHPYeMOro HaNPSIKEHHA H4 CTODOHE
110 kB aerorpauchopmaTopa.

PesynbtaThl pacueToB, OPOH3BEEHHLIX B COOTBETCTBHH
¢ NpuBEJEHHBIMH OOLIMMM YKA3aHHAMH [ PasfHuHbIX
oTBeTBJeHul, navul B Tats. 1-2. [TonyueHHne cooTHOWeHHST

TaG6auua 1-2
Peaynbptath pacueroB no npuMepy 1-2
§e -] 4
k H & = — ®x —_
e | s fgee e gg | 2 |be |
AT-2 ; Egsg Qg 8 | §5 =
> E a __3 qg ___&
2 Eaée EEE| = | BEg| =
220/106,5| K-2 |111,6/1,065|1,140/0,938]2,358( 1,065
K-3 |217.0| 1.164]0,584|0.856 | 1,205 | 0,973
290/121 K-2 | 104,5]1,000| 1,216 1,000 (2,210] 1,000
K-31186,211,000|0,682|1,000( 1,240 1,000
2920/135,5| K-2 |100,2]0.958 | 1,268 | 1,045 2,058 | 0,930
K-31165,210,887]0,768 | 1,126 | 1,248 1,006

Mpumevanun: . x n J— CONPOTHRNIEHHA H TOKH MpU_pabote ma
pasHuX CTBETR/ICHHAX. 2. Xep ¥ fcp—m e HA CPENNEM OTBETBNCHIM.

Xs + Xy
110,6; 96,7; 66,05

—

Xz +Xy4
10,6 ; 96,7; 66,05

| g

Xg
705,5;81,7; 65

g —co—iy—

K-2 K-3

1-

Puc. 1-9. Cxema 3aMewends k npeEMepy 1-2.
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TOKOB W COMPOTHBJEHHA MOryT ObiTb TNOACHEHB! HA OCHO-
sanuu npuaoxenns 1I1-1 npumenutensro K cxeme 3amelie-
aiua no puc. 1T1-1,a, ecnH yuects, YTO paccMaTpHBaeMbli
B npumepax asroTpaHchopMaTop MoxeT OBITb OTHeceH
K TPeTsefl rpymnne.

pu k. 3. B Touke K-2 ma puc. 1-3 pasbpoc oTHowe-
‘Bl 3RaYEHHH COMPOTHBJIEHHH W TOKOB npH pabote Ha pas-
JIHYHBIX OTBETBJICHHAX COOTBETCTBYET KPHBLIM, TNPHBEEH-
#biv Ha puc. M[1-3—I111-5. Opnako, eciu yyecTh HaNHuHe
MIPEABKIOYEHHOR CHCTEMB!, H3MEHEHHe COOTHOWeHHA conpo-
THaleHHH#l H TOKOB INPH Pa3lHYHBIX OTBETBIEHHAX B pac-
'CMAaTPHBAaEMOM Ciiyyae GymeT Medbllle, 4YeM H3MEHEHHs No
wbobuleHHoMy Hccaenosakuto puc. 111-3—1T1-5.

Ipu k. 3. B Touxe K-3 compotuenexne muuuu JI-2 npu
nprseseHH ero k cropoue 200 kB gns pasmmx oTpetsJe-
HHIl HMEET TaKYK e TEeHREHUHIO H3MEeHeHHS, KaK H Co-
NPOTHBJIEHHSt H aBTOTpaHcdopmaropa, Om (puc. 1-9); yxa-
33HHOE NPHBOAHT K Oonee DESKOMY HIMEHEHHIO TOKOB CO
croporbl 220 kB npu k. 3. B Touke K-3, uem npu x. 3.
8 touke K-2 (oM. takxke npumoxenne 1I1-1 u puc. 1[1-8).

TNpumep 1-3. [Ins McXoZHWX AauHmX npamepa -1 co-
CTABHTL CXeMY 3aMenieHHs NpH TpexdasHOM K. 8. B TOYKe
K-3 exembr Ha puc. 1-3 ¥ ONpefeNHTE COOTEETCTBYIOLIHE
3HAYEHHA MePHOJAHYECKOR caaralollefi HaTypaJbHbIX TOKOB
K. 3. Ha cTopoHax 220 u 110 kB {o6moTku 35 kB B cxemy
.3aMenteHHA He BXO0INAT).

Pacuer BunonuAeTca nJs ciyuaee paboThl Ha cpeaHem
H JBYX KPallHHX OTBETBJEHHAX B HMEHOBAHHBLIX €IHHHLIAX,
Pacyer uamocTpupyer ONEpalHH NpH onpenesexuH Ha IBM
HaTypafbHEIX TOKOB B CXCMax ¢ TpaKCHOpPMATOPHbIMH Ile-
nAmy.

Ilpu cocTasiieHHH cXembl 3aMellleHHst C/EAYeT YYHTH-
BaTb, YTC 3. JI. C. H CONPOTHBIICHHA 3/IEMEHTOE, [PHMBIKAIO-
WHX "K cTopoHam 220 u 110 kB amToTpancdopmMartopos,
OTHECEHbl K HATPAXEHHAM CBOHX CTyMeHell H COXpaHAITCA
HEHIMCHHEIMH NPH paboTe Ha Pa3HLIX OTBETEJIEHHAX, 4 aB-
TOTpanchOpMaTOpPH YUHTHIBAIOTCA N0 CXEME JBYXOGMOTOY-
Horo TpaKcopMaropa Ha pHc. 1-2, B KOTOpOH COMpOTHB-
JieHus TPHHHMAIOT 3Ha4YeHHA B COCTBETCTBHH € Ko3gbdHUM-
€HTaMH TPaHCOpMAUMH 175 KAXKJIOTO W3 OTBETEJEHHIt.

Cxema 3samelleHHsa npeactapiesa Ha puc. 1-10 H co-
CTABJIEHA € YACTHYHLIM HCMONB30BAHHEM HCXOAMBIX AaHHBIX
npumepa 1-1.

D. p. c. cucremsl Ec W CONPOTUB/IEHHA X; M Xp, 3aHM-
«<TBOBAaHHblE M3 pHc. 1-4, OXHKHAKOBB NMpPH BCEX OTBETBJE-
‘HUAIX aBTOTPaHc(popMaTopOB.

OKBHBAJIGHTHAA CXeMa NapanJensHo COefHHeHHBIX
-ABTOTpaHChOpMATOPOR (B HacTH O06GMOTOK BHICIIErO M cpef-
HEro HanpsKewHs) B cxeme Ha puc. 1-10 nonyuena mo cxe-
Me Ha pHe. 1-2,6, HCxOAA H3 CONPOTHBNeHMHH, NMPHEBEJEHHBIX
#a puc. 1-9.

Hanpumep, nnsi OTBCTBNEHHS, COOTBETCTBYIOINErO HaH-
MEHbILEMY 3HAYEHH!O PEryNHPYEMOro HanpsKeHHs CTOPOHMI
210 xB apvorpatichopmatopa, nonyamm, Om:

110,6/2
%1 = 530/106,5— 20+8;
110,6/2
Xe= T -220/106,5 — %

110,6/2
*s= T(230/106,5)" — (220/106,5) ~—20r2-

3. I c. redepatopa E; u CONMpoTHBNEHHS X, X7 H Xg*,
OTHECEHHBIE K BHICIIEMY HaNpsXeHHIO TpaHchopMaTOpa
T-1, a umenno k 115 kB, paccuuranbl B COOTBETCTBHH ¢ 06-
WHMH YKa3aHHAMH H pasb, OwM:

xg=248; x;=22; xg=66,1.

ooy 'lgoo'rm‘cﬂym COMPOTHBACHHAN Xy, X19 M X;3 CXeME Ha

£

2 n x x ) T Y s
3 %z W 268266271

z
~57;-59+-705 | 52325134

Puc. 1-10. Cxema 3amellleRHR K npHmepy 1-3.

~— —npn U, .. cropois 110 kB: ~———» npn U, , cToposm
10 ¥kB; —+— . —» npH Unalic ctoponw 110 kB.

CeepThiBaHHeM wacTefl CXeMb! CJ1eBa H CNpaBa OT MecTa
K. 3. nonyunm, Om:

x‘xs 24;8‘25.2 o
X = ot 5 94,8 1 95,2 = 125

X1o=Xg-}X3=125-1-26,8=39,3:
KyoXg 39,3.(—52)
X0+ %, 39,3—52

X5 (990) = X1 4 Xg + X4, = 16,2 4-40 + 161 =217.2;
Xy = %2+ %, =22+ 66,1 =88, 1.

Tok, noceinaembifi cucremot 220 kB k MecTy k. 8.

Xpp= =16l;

I= = 217,2 =10,584 xA
=27z / 2 = 0,584 KA.
Irot e ToK Ha cropone 110 kB:
220
i =n,534-m=| .205 wA.
Tok, nocelnaembiil cranuHed co cropokw 110 kB k me-
CTY K. 3.
115
I =—»=1 88,1 = 0,754 kA.
5 [0
Toxk mpH kK. 3. K-3  I4+—=120540,754==
=1,959 kA.

AmaJiorHYHO onpejeneHkl TOKH NPH APYTHX OTBETBJE-
HHAX, HCXOAR H3 CXeMH 3aMelleHHs Ha puc. 1-10, roe co-
NPOTHBJEHHS aBTOTpaHchopMaTopa IAR OTBETB/ICHMS, CO-
OTBETCTBYIOLIEr0 CpenHeMy PperyJHPYeMOMY HanpAKeHHIo

croponsl 110 xB asroTpancgopmatopa, Om:
96,7/2
*s = "ooo/1a1 - 20:6;

96,7/2 _
S T 7L N

96,7/2 B
*s = [820/121)® — (220/121) _ 02°»
4 AOJA OTBeTBJAEHHA, COOTBETCTBYIOILErD HaHGOJIbIJlEMY pe-

rynHpyeMoMy HanpsxewHio cropodbl 110 kB asroTpanc-
dopmaTopa, Om:

B TO4YKe

88,05/2
Xy = m-—- 27,1;
88,05/2 .
*e="7T"520,135,5 ——10:6
88,05/2

*s = (2907135, 5)* — (220/135.5) 4>+
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Pacuer TokOB K. 3. mMpH pabore Tpakcdopmaropa Ha
cpejHeM H MaKCHMaJAbHOM OTBETBJAEHHAX NMPOH3BOJHTCH aHa-
JIorHuMo pacuery npH paGote Ha MHHHMANBHOM OTBETAJeE-
HHH. Pe3synbTaTH pacueTa ToKoB €O cTOpoHm 220 xB co-
BOAJAI0T € Pe3yAbTaTaMH pacueTa ais npumepa 1-2. Toku,
paccqﬂz[z)unue A BCEX TpeX OTBETBACHHH, MPHBEAEHH Ha
puc. 1-10.

Kax BHAHO, MpH pacyeTe B HATYDANLHHX TOKax pJis
cayyaes K. 3. NpH pafoTe Ha pasHHIX OTBETBJIEHHAX H3Mme-
HRETCH TOJBKO CONPOTHB/JEHHE aBTOTpaHcdopmaropa, TOraa
KaKk NpH TMpHBeAEHHM K OAHOH CTYNeHH HanpsKeHHn
(cuM. npumep 1-2) Tpe6yercs cocTaB€HHEe WHOHBHAYANBHEIX
CXeM, B KOTOPHIX JO/DKHLI YUHTHIBATBCH H3MEHEHHH He
TOJNbKO PEaKTHBHOrO CONDOTHBIEHHS aBTOTpaHcdopMaTo-
pa, HO H BHeluHefi CeTH.

Mpuvep 1-4. (17 HCXOAHWIX HOaHHEX NpHMepa 1-1
oNpe€NHTh, MauaieHbie 3HatueHHs NepHOAMuecKOof caarako-
umed TOKoB Ha ctopoHax 220 m 110 xB asTorpancdopma-
TOpPOB TpH TpexdpasHom K. 3. B Touke K-3 cxemm Ha
puc. 1-11 anA caydas OTKIIOYEHHs CTaHUMH Ha CTOpOHE

Xg=Xy Xy
36,2

~ 220 g5
f‘? V3_| ¥

K-F
2]
XKy +X; L
56 — s
e 228
0334 1837 V% :
0334 —~— 0612 | ="
1_. =22£' 0658 —9- .-—-—.J,'ZZ#
3 . ! 3 K3

oo

Puc. 1-11. TouHoe H NpHGNHMKeHHOe BHYHC/IEHHe TOKOB IIPH
Tpexdpasom Kk 3. B Touke K-3 cxemh mo puc. 1-3 mpu He-
ONMHAKOBEX KosddHuUHeHTaX TtpaHchopmandu asTOTPaHC-
¢opuaTopoB (k mpumepy 1-4).

@ — MCXONHaf pacueTHas cxema; 6 — samena Tpawchopmatopa T-2
ABYMS TIOCAEOBATENHHO BKAWYeHAMMH TpaKcopMaTopaNy, & —
NpuEBEfeHHe X CTYNeHk Hanpamewus 220 xB; 2 -— TovHas Cxema sa-
MellleRAA ¢ SJAEKXTPHYECKMMH CBASAMMH; ¢ — pacueTras cXema NPH
NPpROJIHMEHROM PELIeHNH,

14

110 xB; npuunmaerca paGora AT-/ na kpaiiHem oTBeTBsIE-
HHH, COOTBETCTBYIOLLEM MaKCHMaJbHOMY HaNpFMEHHIO Ha
cropore 110 kB, u AT-2 Ha KpafiHeM OTBETBJEHHH, COOT-
?T'Emgmmeu MHHHMaJbHOMY HaNpAMEHHI' Ha CTOpPOHe

Kb.

[lpuMep HMeeT Ha3HayeHse HJAMKOCTPHPOBaTh CHOCOG:
pacuera TOKOB K. 3. B CXeMaX, B KOTOPHX TpaHcdopmaTo-
PH, BKJIOYEHHHE NapaieJbHO Ha LIHHEX CO CTOPOH OT-
JenbHHX 06MOTOK, paboTaioT ¢ HeOAHHAKOBHMH KO3QdH-
uHeHTaMH TpaHChOpMaLHH.

Pacuer nNpoBOAHTCS B HMEHOBaHHBIX eAMHHLAX fNpPH
TOYHOM NpHBelleHHH K cTynmens 220 kB, npuHATON 3a oOc-
HOBHYI0. B ncxopnsol pacueTHoli cxeme Ha pue. 1-1l,a no-
Kasasbl nByxo6MoTOuYNEe TpaHcgopMaropw 7-1 u T-2, oT-
paxalouiHe aBToTpaHchopMatopnl Ha pue. 1-3 B yact of-
motok { u Il. Cxema Ha puc. I-11,a coctaBiesa ¢ Mcnoan-
30BaHHeM JaHHHIX, NoOJyyeHHHX B NpHMepax [-1—1-3 n
npHeeneMHEX Ha puc. -4, 1-9 1 1-10.

Tpancgopmatoput T-/ u T-2 (puc. 1-11,a) umeior co-
OTBETCTBEMHO R7;=220/135,5=1,63 u £;;=220/106,5=2,07
H COMPOTHBJiEHus, NpHBEAeHHLIe K cropode 220 xB.

Hsxe paccMmaTpeBaloTCs TOYHOE W TPHOMMIKEHHOe pe-
IWeHHR IJA cXemel Ha PpHe. 1-1l,a, xapakrepHsyeMoP, kak
OTMEueHo, HeOAHHaKoBHMH KosddHuHenTaMu Tparcdopma-
unn 7-1 u T-2.

a) TouHoe pewenwe

Kak H3BecTHO, IIpHBEJEHHE 3JIEMEHTOB CXeM 3aMelle-
HHA K OfHOfl CTyNeHH HalPsAMeHHs BO3MOXHO IPH TOM
YCNOBHH, YTC HMEIOLIHECH B CXeMe NapaslefbHC BKAKYeH-
HEE TPaHC(POPMATOPH XapaKTePH3YIOTCH OAHHAKOBWIMH KO-
aqduumuentamn TpaHchopMaLHiL

B ceasu ¢ aTHM 3amemum T-2 na puc. 1-11,a neyms
[OCAE0BATEBHO BKJIOUEHHLIMH TpaHchOpMATOpPaMH ¢ Ko-
souunentos Tpanchopmaunn ke =220/135,5 u

by 220 220
Bk =g —=T06,5°135.5 |'20r

Kak Mokasano Ha pue. 1-11,6.

IpueenesvemM ctopoikl 110 kB k ctymexw wHanps-
wennn 220 xB uckaouawTes TtpancdopMaTopu ¢ Kz, Kak
noxasaHo Ha pHc. l-11.8, B KOTOpOM

Xe=x5k?7;—24,8-1,63%-=65,8 Om.

Ina uckaouwenus w3 cxeMbl Ha pHe. 1-11,8 TpaHchop-
Matopa ¢ xosdduuneHToM TpancdopmaunH Ak 3aMeHHM
ero skensasenTHoi [1-o6pasHoii cxemofl 3amellleHun € ek~
TpHyeckHMH cBasRMH  (prc. 1-11,2). B cooreercTBHp
c puc. 1-2,6 conpoTupieHns SaeMeHTOR Yka3ansoi [1-06-
pa3uofi cxemul pabbi, Om:

x5=110,6/1,27=87.2;
xg=110,6/(1—1,27) =—410;
x10=110,6/(1,272—1,27)=323.

CeepThiBadueM cxemul pme. 1-11.2 mosryumm, Om:

65,8-323
Koy = %o [| ¥y = —355 5 =546;
88,05-87,2
Xyg = X4 || X = 175,95 =43,8;
. —410-(54,6 4 43,8)
Xys = X | (X0s + Xag) = —311,6 =129;

Xg = X;+ X,3=.56,2 4 129 = 185,2.
Tox co cropoHbl cuctemul 220 kB

220
[ =—=

— | 185,2 = 0,686 KA.
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O6paTHuM pa3BepThiBaHHem cXemhl Ha pHe. 1-11,2 mo-
JNyyHM pacnpefefieHHe TOKOB, IDHBEAEHHHWX K CTYNEHH
220 kB H NOKa3aHHMX Ha TOM PHCYHKe. JleHcTBHTENbHER
TOK B MECTe K. 3.

1«=0,750-1,63=1,224 KA.
ToxopacnpenesieiHe B AEHCTBHTELHOH Ccxéme NpHeeje-
Ho Ha puc. 1-11,a.

6] NpuBmnuxexnHoe peluexHe

Cpensnii  koadguuHeHT Tpanchopmauud TpaHchopma-
TopoB no pHe. 1-1l,a B cootBetcTBHE c (1-12) pasen:

220 220

Ik'w:p= kank'rsg m‘mﬁ:Vﬁ:]-&T-

Hexopn u3 nuneAHOM HHTepNOAAUKM, ONPEneNnsoTCA
conporuBnesnss 7T-1 u T-2 ua pme. 1-11,a, cooreercTByio-
wHe k¢ cp H OTHECERHBIE K cTyNenu 220 kB:

Xy=x4=—=100 Om.

INonyyeHHas NpH 3TOM pacyeTHad CXemMa JaHa Ha
puc. 1-11,8.

FTNABA BTOPAA

[Tpusesenue conporuerenun auuun JI-2 (puc. 1-11,0)
co cTopoHn 110 kB K crynenn 220 kB

xe=x5k%z_cp=24,8-1,8372=84 Om.

PesyaeTupyrollee conpoTHBAeHHe cXeMul Ha pue. 1-11,0,
npHBegeHHOE K CcTyneHm nanpsaenns 220 xB:

Xy =X, + X34 X3/2 4 xlkz't.tp=xl + Xp X2+ xg=
— 56,2 4- 100/2 4 84 = 190,2 Owm.

Tok co croponn 220 xB
220
V3

Tox B Mmecre K. 3. fx=0,668-1,837=1,224 KA.

Pacnpenenesye HaTypanbHbX TOKOB B AeHCTBATENLHOM
cxeme npuBeneHo wa pre. 1-11,0.

Cpasneunne c puc. 1-11,a nokasupaet, uTo ToHopacnpe-
hejlenHe B Uensx TpaHchopMaTOPOB NpM NPHGAHIKEHHOM
PELIEHHH XapakTepH3yeTcsl CYLeCTBeHHEIMH NOrpeLIHoCTs-
mi. Cnexyer, ogHaKko, OTMETHTE, YTO NPH HeGOALIIOM pa3-
NHYHE Mexay KoapduuHeNTaMH TpaHchopMauuM Hapan-
sesbHo paboraiomix TpaHcpopmaTopoB (npumepro 5%)
NOTPELIHOCTH B TOKOpacnpejesieHHH He GYAYT BHIXOAHTL 32
npenesisl, [ONMYCTHMbIE B HHIKEHEPHBIX pacyeTax.

I = 190,2 = 0,668 xA-.

OCHOBHBIE METOAMYECKME YKASAHMA NO PACYETAM TOKOB KOPOTKOIrO 3AMbIKAHMA

2-1. PACYETH MO 3AOAHHBIM 3. 1. C.
TEHEPATOPOB M NPH NPMMEHEHMM NPMHLMNA
HANOMEHMA

Pacyetut T0KOB K. 3. B OJHMOH TOYKE MOryT NpOM3BO-
AWTLCH ABYMA cnoco0ami: HeNOCPeACTBEHHO MO 334aHHLIM
5. . C. FeHepaTOpPOBR H HANOKEHHEM HA HarpysoyHHA pe-
eM (cyulecTBOBaBIUMA A0 ROSHHKHOBEHHS K. 3.) Noclne-
AYIOILErc aBapHItHOrO pekuMa.

PacemoTpHmM 0cOGEHHOCTH YKasaHHHX ABYX chnocoGoB
pacuyeta.

A. Pacuer no 3afiauHbIm 3. Ai. C. reHepaTopos
(1-4 cnocob pacuera)

I. Kak otmeyeno B § 1-1, B KauecTBe OCHOBHOrO pac-
4YEeTHOro 3HayeHHA INf ueftell pesiefiHoil 3aLUWTH HPHEJH-
HEHHO MOXHO NpPHMATH HAYaJbHOe 3HaYEHHE HepHoMHYe-
CKOH cnaraiolledl Toka K. 3., ANA OnpeieneHus HOTOpol
B PacyeTHYH CXeMY 3aMelleHHs NpsMoil nocaefoBaTeNBHO-
CTH BBOAMTCS MOCTOSHHas N0 3Hayemulo ¢asHas cBepxnepe-
X0jHas 3. O. c. £”y 3a CBEpXNepexoiMhM CONMPOTHBJICHH-
eM x” CHHXPOHHBIX F€HEPRTOPOB M KOMMEHCATOpPOB B Npej-
UIECTBYIOLIEM HArpy30YHOM PEKHME, MPH STOM YYHTHBAET-
CHl pacXoXieHue 5. A. ¢. MalixH no ¢ase, COOTBETCTBYIOLLCE
npealliecTBYIOLIEMY HArPY30YHOMY peMXHMY.

B uensx ynpouleHHs yKasaHHbie 3. J. C. paccunThiBa-
I0TCH §e3 pasnoKeHHs HA NPOAONBHLEIE H NONEpeyHbie Co-
CTABASHOLIME, MCXOMsl H3 INpEANOJIONEHHS CHMMETpPHH poO-
TOpa CHHXPOMMBIX MAaWHH (X”g=x"4=x"). B COOTBeTCTBMH
€ 3THM ¢a3zuas 3. 1. C.

£ =Up+jx" 1y, (2-1)
rae Iy 1 Uy — BEKTOp TOKa CHHXPOMHOrO remepatopa (KoM-
neHcaTopa) M BEKTOp (PA3HOrO HANpsXKeHHs Ha ero BHBO-
Aax, 3aHMCTBYIOTCA H3 MAaHHEIX 3JEKTPHYECKOro pacyera
ApeIIeCTBYIOEr0 HArpy3oyHOro PpexHMa.

2. Ilpy HeCHMMETPHUMHX K. 3. HANDSMKEHHA M TOKH
OTAEeJILHHX MOoC]eA0BaTe/IbHOCTEH B MecTe K. 3. (pHc. 2-1,a)
CBA3AHH AHHYHLIMM  YCNIOBHSIMH, HDHBEJEHHHIMH B
Tabn. 2-1. AHHEHHEM CXeM OTAENBHBIX NOCHeI0BATE b
HOCTeil" B COOTBETCTBHH € I'DAHHYHBIMH YCAOBHAMM Tabn. 2-1
MOXHO MONYYHTHL HCTONB3yeMBIE AJIA PAacYETOB HEeCHMMET-
PHYHHIX K. 3. KOMIJEKCHHE CXeMH 3ameuleHusi. DTH CXeMul
nokazambl Ha pHe. 2-1,6—2 u cocraeiens ghsi ocoGeHnof
¢aski A COOTBETCTBEHHO ANsl OAHOMAZMOTO 3aMEIKAHHA Ha
semmo dasu A, npyXdasHoro 3aMbiKaHHs Ha 3eMmalo (a3
B u C u 3aMpiKaHHsa mexAy nByms ¢dasamn B u C; B cxe-
MaX 3aMelleHHs NpsAMOA NOC/efOBATeJILHOCTH 2. 1. C. fo-
Kasana Byc.msno N8 OJHOTO TEHepaTopa.

3. B KOMIUIEKCHBIX cXeMaX 3aMellcHus OGecneuuBaoT-
€Al NPABHNLHBIE 3HAYEHHs HANPsXeHHHt B PASJHYHBIX TOY-
KaX 3a[aHHOH CXeMbl, 334 KCKJIOYEHHeM CXEMH NPH 3aMbiKa-
HHH Ha 3eMJII0 onHoM ¢a3el, rae sTo cobmopgacTcs TOALKO
Ias npsMoit nochefoBaTeseHoCTH. UTO Kacaetcs uanmpsike-
Huii oGpaTHOH M Hynesol nocnenoBaTesbHOCTefl npu 3a-
MBIKaHHX Ha 3eMJ0 OfHOH a3bl, TO HX 3HAYCHHs omnpe-
AenAoTCA K8K PasHOCTb HaNpfXeHHH paccMaTpHBaeMmoit
TOYKH M_HayaJa CieMbl COOTBETCTRYIOLIEH NOCHEN0BATENE-
HocTH (H; v Hp wa pre. 2-16) no orHOWEHMIO K TOYKe
HYJIEBOTO NOTEHUHANA KOMINEKCHOH CXeMbl 3aMelleHHS.

4. Cnenyetr Tak)e yYHTHIBAaTB, YTO N[PH pacyeTax He-
CHMMETPHYHHIX K. 3. Ha IJBM wnaH pacyeTHBIX Monensx
C HCNOJL3OBEHHEM KOMIIEKCHBIX CXeM 3amellesHs MOTYT
BO3HHKHYTb TPYAHOCTH B CBS3¥ € HEOGXOMIMMOCTBLIO XpaHe-
HHSl B oNepaTuBHOR NaMATH OAHOBPEMEHHO BCEX NOC/En0-
BaTeJILHOCTEH.

B cBfsH c 3THM mMoOMer oKasaThbcs YAOGHOH Tak Ha-
3uiBaeMas pacuIipeHHas cxeMa 3aMmelleHHsl NpsMoil nocJe-
aoBarensHoctH (puc. 2-2,a), cocraBneHnas Ha OCHOBAHHH
NpaBuia SKBHBANIEKTHOCTH NPAMOfl NOCJeloBATENLHOCTH !,
COT/IaCHC KOTOPOMY TOKH NPSAMOK NMOCJEN0BAaTeNbHOCTH NpH
HECHMMETDHUHLIX K. 3. ONPefesistoTcs KaK TOKH Tpexdas-
HOro K. 3., HO NPHM OTAANEHHH MECTa K. 3. Ha COTNpOTHBJe-
HHe Z,, KaK H3BecTHo u3 [l1], pasmoe:

! Brepene copmysnpopzto npod. H. H. Ilenprnnm [28].
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Puc. 2-1. Tokn ¥ wanpsoKeHus OTHEAbHHX TOCHAENOBATENh-
HOCTEH B MeCcTe HECHMMETPHYHOrO K.3. (@) K COCTaBfleH-
Hele a5 $asw A KOMNJEKCHEIE CXeMbl SaMeluleHus NpE 3a-
MBIK2HHH Ha 3emmo Gassl A (6), npy 3aMBIKaHHM Ha 3em-
moCQJa? B u C (8) u npu samblkanun Mexny ¢asamu B
HC (2).

NpH 3aMbLIKAHHH Ra 3eMhl ofHOA (asu

Zy=Zps + Zy;, (2-2a)
NpH 3aMBKaHHK Ha 3eMmo aByx ¢as
Zy = Zy || Zpss (2-26
TIpH 3aMEIKAHHH MeXnIy AByMs ¢asaMu
Z, =24, (2-28)

sne Zop M Zj; — pesyibTHPYIOIHE CONPOTHBJECHHA CXeM

00paTHOA ¥ HYJeBofi TOC/NeNOBATeNBROCTEl OTHOCKTENbHO
TOYKH K. 3., KOTOpHie Ha puc. 2-1 npeactasneHsl B paspep-
HYTOM BHJIE COOTBETCTBYIOINHMH CXEMaMH 33MEILEHHA.

5. Cregyet yunTHIBATH, 4T0 NMPOH3BONCTBO PacyeToB MO
3AJAHHKIM 3. JI. €. € Y4YeTOM pacXOXIeHHA TOCJENHHX MO
fhasze ROIMOMKHO HpH HCMONb30BaHHH IBM H craTHuecKHX
MopeNiefl MepeMeHHOro TOKa, B KOTOPHWX 9, . C. TEHEpaTo-
poB MOryT MopeaupoBatecs Mo moxymo ¥ yray. [lpe npm-
MEHEHHH CTATHYECKHX MOZeNiel NOCTOSHHONO TOKA YUeT pac-
XOMHAEHHA 3. J. ¢. No (ase NpeICcTaBAseT H3BECTHbE TPYA-
HOCTH. B yHApouleHHbIX pacuerax, MPOH3BOAHMHX Ge3 yuera
pacxoXueHua 9. A c. mo ¢ase ¢ NOMOWEI0 TaKHX Monened,
thasHele 3HaYeHHs 9. A. €. MO MOALYMIO ONpEIeNsioTCH H3
COOTHOLIEHHA

E''p=V Upcosyy + (Ursing + ' 1p)%,  (2-1a)

16

Tacanua 2-1

T'pansusbe YCAOBHA ANA CHMMETPHYHNX COCTABAKIONHX
TOKOB ¥ HanpfAweHufi npy HECHMMETPHYHBX K. 3.

w TI'pariHbie yC oBHA
gg Bra k- 3 AT ToKOB ANA HEnpHeHHR
A | Bamuxa- | A L=1,=1, U:-!'L'f:-l-
Hue Ha +Un;{'—"}0
eMn _ | &
B (SJILHDI';O - B az-{l:——"d:—' EL_};;};:";—
= 40 - -
C fase c al, =g, = | U\ +a*Uz +
.‘.:Io +Un=0
A |Bamma-\BucC |+ L+ 1li= O, =Ue=0U,s
HHE Ha =0
neyx ¢as . n_;}l;‘.:__to_'- '=U.2
C AuB| o\ 4l + a[?l=af{;’==
+ 1,=0 =U,
A |3avuka-|BuC|{ L4+ 1,=0; =0
HHE MeX-~ I,=0
B ’Eaé’ii’..“?‘ CuA|ea, ?-faz 0;| e, =all,
o =
C AuB|al,+aly=0;| al, =a,
e

MY Tipumeganna: 1. CooTHOWeHR COCTaB/IeHH ANA  cNygad. KOrfa
sa ocwosayro npurATa dasa A. 2. TIpH paceete © MOMOWLIO NPUHINNA Ha-
Jo¥eHi NPHBEIeAHe rPARHGHNE YC/IOBWA COXPaHitOTCH MNpE MOLCTAHOBKE
BMECTO RAMPAKEHHA Npamolt NOC/ eI0BATELROCTH B MECTE K. 3. Cy¥MMBl Ha-
TpAkemll B MeCTe K. 3. B MPeNWeCTByIOleM peXiMe H B npAMofl nocne-
AOBsTeMROCTH ABAPHNAONO peoRiMA:

;= 0 4 las)

UIK_ U{x +‘Uix e
roe Ur, Ir u @ —npemwectsyiomne ¢asHble HaNpAKEHHA
Ha BLIBOaX TEHEPATOpa, TOK IeHepaTopa H yroa Mexny
HHUMH.

6. TTapameTps pasuulx THNOB CHHXPOHHHIX MeHEpPaTOPOB

K KOMNEHCATOPOB AaHu! B Tabja. 2-2 (cocTaBAeHO ¢ HCNOAb-
soBanHeM paboT cextopa yerofunBocTH OP3AYM Suepro-
CeThPOeKTa).

NeayeT OTMETHTh, YTO B NMpHOJNHIKEHHBIX pacyeraX Ha-
MAJBHLIX 3HAYEHHA TOKOB HECHMMETPHUYHBIX K. 3. CONPOTHB-
JIeHHEe CHHXPOHHHIX TEHepaTOpOB M KOMMEHCATOPOB MOXMeT
OBITh NMPHHATO

x4 xy
Xp=""% .
B npunoxersnn 2I1-1 naHa OMeHKAa RorpelHocTed
B pacyeTax TOKOB K. 3. ApDH HeyuyeTe OTAENbHEX BJAHAI-

WX GIKTOpOB, OTKyaa BHTEKAeT BAXKHOCTL YYETa pac-
XOMACHHA 9. A. C. N0 $a3e B YTOYHEHHHIX PacyeTax.

b. lNprmeHeHne NpuHUHNIA HANOMEHKUA
(2-1 cnocob pacuera)

1. Drot cnocob CBORETCA K YCHOBHOMY NpEACTABIEHHIO
ZefCTBHTENBHOTO PeXuMa K. 3., B BHAE [BYX PEXKHMOB:

MpealuecTBYIOUIEr0 HArpy3OYHOT0 M NOCAEAYIOlIero apa-
puiHOro.

Pacyer GasupyeTcs sa“nPHIOKEHHH B MECTe K. 3. JIBVX
B3aHMHO MPOTRBONOAOKHLX Hampmxennht =+ UM, paemx

HaNPAXKEHHIO MPefLIec TBYIOUIET0 HArPY30UHOTO peXHMA B Me-
cte K. 3. [lpumenntensio K HecuMMeTpUYHOMy K. 3. (pHC.

2-2, 6) ‘nanpuxenna +UM pomkuw GwTe npHAOKeHH
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Pue. 2-2, PacluspeHHbie cXembl 33MeuleHHs npsiMofi mocJie-
A0BATENLHOCTH.

@ — pacdeT MO 3afaHHBEIM 3. [. €. TeHEPATOpoB; § — PacueT HCXOAN
I3 NMpHHUHOA RANoXWENHR,

B Touke K’ (QHKTHBHOrO K. 3., OTAANEHHOA Ha COMpPOTHBJE-
e Z, mno (2-2) oT neMCTRHTENBLHOrO MecTa K. 3,

3. p. c. reHepaTopoB B COYETAHHH C HANpPSKEHHEM

+ U "5 rouke K’ ofecnieunsaer yca0BHS npenmiecTsyio-

LLero Harpysoyworo pexuma (puc. 2-2,6(1)). Ipunoxennoe
B Touke K’ nampswenne — Ul (puc. 2-2,6(2)) oGecneun-

BaeT YCJIOBHS aBapHHHOrO pexHMa. JleficTBHTe/IbHEIE TOKK
M HANPSDKEHHs PEeXHMA K. 3. ONpefensioTess HCXoms H3 cJe-
AYiollero,

B cxemax o6paTHOfl m HyJeBofi TMocnenosatennHocTed
TOKH H HaNpPsiKeHHl B MECTE K. 3. H Ha APYTHX yYacTKax
paeHL! NapaMeTpaM ABAPHAHOTO PEKHMA.

cXeMe NPsMOH NOCNENOBATENLHOCTH TOKH B MECTe
K. 3. PaBHEl ZBAPHHAHBIM TOKAM, a HANPFIKEHHS B MeECTe
K. 3. H TOKH ¥ HaNpRXEeHHH Ha JAPYrHX Y4acTKax B 3TOH
CXeMe TIONYYaKTCs CYMMHpOBaHueM NMapaMeTpos ofonx pe-
HHMOB.

B cxeme aBapuiinoro pexuma Ha phc. 2-2,6(2) conpo-
THBNeHHE Z, MOXeT GHTb PasBEPHYTO B TONHLIE CXEMBl
oOpaTHOR M HYNEBOH TIOCJENOBATENBLHOCTEi B COOTBETCTBHE
¢ (2-2). FpucoennHeHnem HX K CXeMe mpsmMofi Mocaenosa-
TeAIbHOCTH MOrYT OeiTh 00pPa3oOBaHbl KOMIJIEKCHLIE CXEMEl
TEOCNEeNOBATENLHOCTER AJist aBapufHOrO peXuMa, aHaNOrHY-
Hble CXeMaMm Ha puc. 2-1,6—a.

OcHOBHbIE COOTHOMIGHHS AN TOKOB H HanpRiKeHuf
OTIEALHEIX NOC/NELOBATENLHOCTEH, XapaKTepH3YiOlMe pac-
YeT HECHMMETPHYHEIX K. 3. TpH TIpHMEHeHHH NPHHIKNA Ha-
JOMEeHHs. AaHn B Tabn. 2-3,

2. IlpuMenenne npUHLHIIA BanoKeRHsi MOXeT OKa-
3aThcAl OCOGEHHO 3(GMEKTHBHLIM [/ YNPOLleHNHX pacye-
TOB TOKOB K. 3. B cliyyae, KOrga TOKH npe,umecraylomero
HArPY30YHOr0 peXHMa NDHMEPHO H3BECTHH MAH XOTH Gkl
MOTYT OuTe rpyGo OLeHEHm AJs SNeMEHTOR CXEMH, AN
KOTOPLIX TpeGYeTCR 3HaHHe paclpefe/ieHH® TOKOB NpSMOf

2—156

noc/eJOBATEILHOCTH K MOAHMX (PasHHX TOKOB, 2 TaKxke
Korga tpefyercs 3HaHWe TOJALKO BE&NHYMH, XapaKTepH3yio-
LI#X COGCTREHHO aBapHHHEIA PeKHM.

B uacTiOCTH, NpHEMeHeHHEe NMPHEIHIA HANOMEHHS HMeeT
NPEHMYLIECTBO B CPABHEHMH C pACYeTOM MO 3aZaHHBEIM
9. A. C. AJf OMpefiesieHHRA TOKOB H HANpmKeHHH oGpaTHOR
B HyseBofi TocieposaTedbHocTed. B 9TOM cayuae moryt
6LTh paccuMTaHK JHIUL aBApHiAHbIE COCTABNFICLIKE, HCXOAR
H3 HaNpsiKeHHR NPEALIECTBYIOLIErO PeXKHMA B MECTe K. 3.
[TocKoMbLKY HANpSIKEHHS Ha UMHAX OTAENbHEIX NOACTAHIMA
B Harpy3OyHOM peXxHMe, Kax NpaBHI0, Mall0 OTJHYAKTCA
0T HOMMHANbHOLO HZINPSIKeHUR, TO B [EPBOM NPHONHIKEHHH
OHO MOMET GuTb MPHHATO B KAYecTBe PACYETHOrO B YIpO-
HIeHHKIX pacyeTax, KOrga nEeHCTBHTENbHEIE HANpsXKeHHs
IHH B TMpeJlUecTBYIOLleM Harpy3oyHOM PEeXHME HeH3-
BECTHEL

2.2, YNPOLYEHHBIA YHET HATPY3OK

1. Kak H3BecTHO, TIPOMBININIEHHAH HaTpY3Ka COCTOHT
NpeRMYLIECTBEHHO M3 ABHraTesefi, TIaBHLIM OOpas’OM AacHH-
XpPOHHHX. B COOTBETCTBHEM C 3THM BIHMAHHe HArpy3KH Ha
TOKH K. 3. B OCHOBHOM OCGYCJIOBJIMBAETCR MOBEJiEHHEM 3CHH-
XPOHHEIX H CHHXDOHHEHIX JABHrate/iei B NepexoaroM npo-
Hecce K. 3., B OOWHX YEPTAX CBOASLIEMCH K CleAYIOLleMY.

AcCHHXpOHHEIE [BHIATeNH B Hauane NepPexoAHOro Npo-
Lecca TpH K. 3. MOrYT nepefiTH H3 JIBHFATENBHOrO pexHMa
B TeHepaTopHEIfi, ©CAH 3. A. C. OBHraTells NpeBOCXOAHT
BHE34THO H3MeHHBIIeeCS] fIPH K. 3. HaNpsKeHHe HA €ro
32)KHMMaX; OfHAK0 TOK NOANHTKH OT JBHrATENEll BEChMa
GeicTpO 3aTyXx2eT A0 Hyxad. [IpH AaHTeNbHOM CHHMEHHH Ha-
NpAXKEHHs B Tpollecce K. 3. ACHHXPOHHBIE [IBHTATeNH Xa-
PAKTEPH3YIOTC]  YMEHbIUEHHEM  BpaLIAIOUMIEr0  MOMEHTa
(mponopuHoHaNLHOrO KBaAPAaTy TNPHAOMEHHOTO Halpsie-
HHfI); 5TO CONPOBOXMAAETCH BO3PACTAHHEM CKONBXEHHR H
YMeHbIlleHHEM SKBHBAJIEHTHOTO CONPOTHBJCHHS [ABHCATENR,

CHHXpOHHRIe JIBHTaTe/lH B HODMANLHOM peXHMe TMOCH-
K0T PeAKTHBHEIA TOK B CeTb HJIH MOTPeGJsIOT PeaKTHBIbIH
TOK B SaBHCHMOCTH OT KX pabOTH C MepeBO36YMKIEHHEM HIH
HefioBO30yaenueM. B ycliOBHAX K. 3. TPH CHJBHOM CHH-
MeHHH HalpsKeHUs CHHXPOHHBe JBHraTend BelyT cebs
kak renepatophl. OjHako B Ipouecce K. 3. BOIMOXHO BHI-
najieHie CHHXPOHMEIX ABHraTe/ied W3 cuHXpoHHama. [lpu
STOM JI0 OTKAKYeHHs BO36YjeHHs aBTOMATHKOH B Teue-
HUE NOJYNEPHOAA CKOJbKenusl TOK NpPOTeKaeT OT ABHraTe-
5l B ceTh, @ B TEHEHHE CJIeJIYIOIIEr0 MORYNEepPHOAa CKOMb-
HCHHSA — OT CeTH B JABHraTeJib, npIn OTK1eHHH 5036)’}!{-
JieHHl CHHXPOHHBLIR [ABHCaTelib NepexoiHT B PeXHM pacoTh
aCHprO]IHbIM OBHraTediem.

2. B pacueTax TOKOB K. 3. HanbGonee NpaBHJBLHO B CXe-
MaxX 3aMEIEHHH YYHTHBATL HArPY3Ky B OTAEABHBIX Y3anax
CXEME! COIZIaCHO ee XapakTepy (aCHHXPOHHbIE H CHHXDOH-
HBle NBHCATeNH, MedYH, TAra Ha NOCTOSHHOM H NepeMeHHOM
ToKe). OmHako TOUHLI y4yeT Harpy3KH COBOKYMHOCTH TNO-
rpebHTeneli LeNOro paitoHa, XapakTepr3ywollieiicd Pa’AHYH-
eM BHO®B H pexHMOB paboThl €C ¥ CXeM NHTaHHA, INped-
CTapafeT HCKIWYHTEIRHO CJ'IOJH.HYIO 3anavy.

B cBsu3H ¢ 3THM B HHM¥eHepHLIX DAacueTax TOKOB K. 3.
nns penefinoll 3alIHTEI MOXKIO OrPaHHYKThCs TNPHOAHMKeU-
HHIM Y4eTOM HAarpy3ok. B 1ensx ynpolueHMs [BHravefb-
HaH Harpysxa BMeECTe C ,H,pyI‘HMH 'roxor:pnemmlxaun, a Tak-
e paclpefieIETeNbHAR CeTh H NOHHMKAWIHE TpaHcop-
MaTOpH!, HENOCPEACTBEHHO [HTAKOMIKE Y3e] HATPY3IKM, YIH-
THRAIOTCA Kak 0COOLLeHHAR HarpysKa € MOCTOSHHEIM SKBH-
BaJIEHTHREIM COIIPOTHBJ!EHHEM. npl-l 3TOM B OTAOENLHRX Cly-
qgasgx MOTYT OBTh BhIJeJIEHB M YUYTEHL KaK TFeHepaToph
KPYnHeie CHHXDOHHLIE JBHIATEAH MOWHOCTLIY IIPHMEPHO
1—2 MBT1 u Gonee; ykasaHHQe OTHOCKTCE H K TpYIIe CHH-
XPOHHHX ABHrartesieli, NPHKAIOYEHHEIX K OJIHOH TOuKe, TpH
Taxkoil e cymmapHolt mouHocTH. XOTH yKasaHHHE cnocol
NpuONHKEHROTO {uera HarpyskH He ofecneunBaeT GOALLION
TOYHOCTH, NMOJHAIA HEYYeT Harpysxu npuees Gul K GOJBbIOHM
norpewHocTsM (npunoxkense 2I1-1).

3. IlpakTHyeckH yueT HarpysKkH B pacyeTaX TOKOBR
K. 3. A pesiefiHOH 3ALUMTH B OTAE/NbHLIX MOCJAEAOBATE/Nb-
HOCTAIX NPOH3BOAHTCR clenylolinM ofpasom.
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OcROBHME TEéXHMYeCkHe maHHMe TypOorenepaTopos (IBYXHOTHCHMX, ORHOBA/IbHHX)

Crarop Boabywpesme Typlorenepatopa EOMY w«én;p:ml: ggg:
M
s Kaxywssc:
m Tim _u:f(uaocrb.ar cos ¢ " uom =2 0. K, 3-
BOCTb, ¥ % MB-A Hanpa- Tox, A |V YonocTom onuolt da- | o eme
; 5 m:g:e. . xoay. A SI::: ofMoTkBl poropa
" t A B
|
TBC-30 37.5 0,8 10,5 —_ s — =i 0,49 s i
(6,300)
&0 TB®-60-2 75 0,8 ({Iioél;, 4125 617 1500 200 0,68 0,0022 0,08%5
TBP-63-2 78,7 0,8 | 105 | — o= — — | 0.54 - -
(6,3)
100 TB¢-100-2 117,58 0,85 10,5 6475 640 1650 270 0,605 | 0,00104 | 0,123
120 TB¢-120-2 141 0,85 10,5 5350 — — — 0,499 -— -
165 TBB-165-2 194 0,85 18 —_— —_ _ -— 0,615 -—_ —_
200 TIB-200 235 0,85 15,75 8630 696 1780 450 0,58 | 0,00118 1 0,194
200 TBB-200-2 235 0,85 15,78 8630 1045 2680 316 0,58 | 0,00154 | 0,0874
200 TIrB-200m 235 0,85 15,75 —_ — —_ —_ 0,558 — —
300 TIrB-300 353 0,85 20 10200 1040 2890 440 0,524 | 0,00128 | 0,114
320 TBB-320-2 376 0,85 20 — 1200 2900 447 0,624 | 0,00133 | 0,1145
500 TI'B-500 589 0,85 20 17 000 — — - 0,452 = —
500 TBB-500-2 589 0,85 20 17 000 — 4000 425 0,406 — —
800 TBB-800-2 889 0,9 24 — — — - 0,475 — —
800 TI'B-800 941 0,85 24 22600 — 8000 \ 425 0,415 — —

OCHOBHE® TEXHHYECKHE HaHBME YeTHMPEXnOAIOCHWX TypOorenepaTopoB (n = 1500 o6/ mun)

PeaxTvBuble CONDOTHRNEMSS,
Tun Hanpmxesue, kB cos § oy * % .x"
TBB-500-4 20 0,85 0,313 0,468 2,36 0,469
TBB-1000-4 27 0,9 0,377 0,492 2,63 0,492
TTB-500-4 0,85 0,268 0,398 2,158 0,398
TrB-500m-4 p— 0185 0|373 Dr522 2- 163 0,522
TI'B-1000-4 —_ 0,9 0,351 0,494 2,351 0’494

Mpameaanare, lapamerphl “ETHPAXDORIOCHLIX TypOOreLer8T0POD A3EH DO MaTepHanas 3aBOADB-HIMOTOBATEREH: ,INeKTPOCHIA, — MECHMO
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Ta6agua 2-2a

PeaxTunabie CONPOTERAICHHA, OTH. €. mmm LA
c"m:'mg 3as0a-HIrOTORATEAS
x xrty "y Xy xg Xz Xo T o T.lr:;"e'
—_ 0,143 | 0,238 | 2,458 — — — 10,4 — daexTpoma- +EKTPOCHAR"™
ulihnas, ke = 2
0,12 0,146 ) 0,217 ] 1,66 -— 0,18 0,077 6,0 8,95 To we =
- 0,20 0,30 1,91 - — —_— 9,7 —_ . T .
0,158 0,183 0,283 1,79 0,274 0,223 0,005 6,2 7,85 — -
— 0,214 | 0,314 | 2,155 —- — -~ 6.5 — . . .
— 0,213 | 0,304 | 1,713 — — — 5,4 - & >
0,165 | 0,19 0,273 | 1,845 0,192 0,232 | 0,083 6,5 7.5 Hounan, ko= 2 |.dnextporsicvaiu®
0,166 | 0,19 0,27 1,84 0,192 | 0,232 0,085 6,3 7,0 DaeKTpoMa- wAEKTPOCHIa*
WUIHHHARA, k.= 2
—_ 0,204 | 0,31 1,862 —_ —_ —_ 6,9 — - -
0,17 0,195 | 0,30 2,21 0,195 | 0,238 | 0,09 7.0 6,5 Hontiasn, k.= 2| ,neKTpo1mxmMan®
0,148 | 0,173 | 0,26 1,70 0,178 | 0,2t 0,087 6 6,4 SneKTpoMa= LONEeKTpocHAa"
wiHHan, ke=2
0,25 0,28 0,406 | 2,21 0,286 { 0,25 — 5,56 | 5,6 Crnenwansioro | ,OneKT poTfxmain®
HCTIOMICHHS
— 0,233 0,355 | 2,46 0,26 0,284 — — 5.6 To we LIAeKTpocuaa™
— 0,223 0,313 | 2,343 T 0,273 | 0,106 9.4 5,3 w ¥ "
— 0,286 | 0,421 | 2,54 — 0,349 | 0,16 6,7 5,3 - = ~INEKTPOTARMBLI™
Ta6aununa 2-26
oTe. el IMNMocToAuuaA BpEMEHW, C
Cucrema Bo30y*UIeHHA 3apof-BIroTOBATEN
% X2 Td, T, Ty arperara
2.36 0,382 7.75 0,25 11,0 Becimerounbie  AnOAHmE CBﬁc o JneKTpocHia”
: 4 11,2 0,44 .3 perynaTopaMH CHABHOTO neifi-
2,63 0,460 cteha Thna APB-CiL
2,158 0,327 6,9 0,374 11,6 Becierourne uomue CB ¢ | .DaexrpoTsikmall®
2,163 0,455 6,53 0,38 10,9 perysisTopamyu CHIBHOrG nedi-
2,351 0,4286 7,89 0,398 1,1 creuA Tena AP3-CI1

N: 55-921-08/1 4 ot 27/X11 1973 r., ,InexTporrxuaiy® —oucemo Me K116-102 av 1171 1974 r.

2*
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OcHoBHBE TEeXHHYECKHEe MaHHbIe THIpPOr¢eHepaTopoB

= Crarop Boafystnenne r HApOTeHe- ConpoTREnes’e NOC TOTHEOMY
g paTopa Tokv npn 15°C, Om
S & Ka mancs,
Em Tan MOUIHOCTB, | €OS © O.K a
= i S @ - B HOMHRAILIOM v B e cniel asia -
5 : HiHEE x
%& Hl:é. Kg Tow, A Iﬁx‘;gi?CTw peminte ofiMOTKH CcTa- m_?;;: po-
2 TOpa
oot A B
GG
20 CB %-m 23.5 0,85 10,5 1290 460 843 170 1,24 0,0051 0,0007
21 BIC -—{-u-ﬁ.qa 2€.3 0.8 10,5 1440 635 1175 292 1,2 0,60279 0.00044
25,5 CB ?;'55.32 3,0 0,85 10,5 1650 388 735 197 = 0, 00452 0,0008
e
30 CB ;’:g- 37,5 0,8 10,5 — — - = 1.07 = =
39 cB 2%, 40,0 | 08 10,5 2200 | 670 1190 | 234 1.42 L 0.00068
655 =
37.5 CB —5-32 44,0 0.85 10,5 2420 485 930 185 = 0,00334 0.0007
40 CB %2-243 50,0 0.8 15,75 1840 733 1310 380 1,78 ©,0043 0,000%
" 840 _
45 CB —z5-52 56,3 0.8 — - - - 1,47 — —
_ 375 -
32,4 CB —g-12 65,5 0.8 - - 0,86 = -
430
55 CB o4 68,8 0.8 10,5 - - 930 175 1,014 0,096 i
ai cB %5646 5.8 0,85 10,5 - — — = 1.22 = T
57 ca 2 67.1 0.85 10,5 - — — — 1,12 = -
163
= 1340 -
57.2 CB 5% 71,5 0.8 13,8 - - - - 1,78 — -
62 — 77.5 0,8 13,8 — — - 350 — = a5
540
67 CB g2 78,8 0,85 13,8 - - - - 1,03 — —
72 B 1% 72 90,0 | 0,8 13.8 | 3780 675 1200 | 330 144 0,00314 0.00036
72.5 cB -:1;—:]’.43 86,3 0,85 13,8 3590 635 1176 292 1,2 0.00279 0.00044
83 e L8 1038 | 0.8 13.8 4350 692 1200 | 330 1,27 0,0036 0.00042
80 cB %.40 100,0 0,9 16,5 —_ — — - 1,52 — —
100 en 22 40 mo | oo 13,8 s — = - 1.10 . =
190
1500 . "
100 CB lm-gs 17,6 0,85 13,8 —_ -_— 1795 430 1,75 - -
115 cB %-aﬁ 128,0 0,9 13,8 — = 1800 280 2,27 -, -
115 CRD ll"’%-sa 128,0 0,9 13,8 — — - == 2,27 — -_
{4
150 CB g;g- 176,5 0,85 13.8 = — — — 1,12 — —
171 CB %-84 190,0 0,9 15.75 —_ —_ — ed 0,97 — —
; 1190 5 1505 | 430 1,04
225 CB ﬁ—m 264,5 0.85 15,75 — P i —_ —
260 cn 2 5 a0 | 085 | 157 | — - - | - 0.64 = =
300 RIOBD —33-2—30 353,0 0,85 15,75 — - 2600 ass 0,627 —_ —
500 CBO %m 590,0 0.85 15,75 — = 3680 615 0.67 = -
N 1270
530 CBY 535 24.0 0.85 15,75 — -_ e £ 0.66 -_ -
640 g 710,0 0,9 18,0 — _ - — — - --




Tab6auga 2-2s

Peaxtustnie CONpOTHRACHIA, OTH. 4.

Moctonmaan BpeMEHH, C

Cucrena po36yaedun

&
; . &z
] o
x xt xe x xrr x x, x T E’ :f_ﬁ. ;'% Rer Tuo
! d d d q q 3 g do | = g | @ : |omi. en
Sgloe| 88
0,145 | 0,225 0.3(_1 0,956 | 0,232 | 0.655| 0,228 0,09 4,7 6,5 7,1 150 1,97 neKTPOMALLHEBAR
0,453] 0,227 0,317} 0,873 | 0,235 { 0,597 | 0,231 | 0,11 6,75 8,0 B,8 125 1,98 .
0,124] 0,197 | 0,27 1,07 0,214 | 0.646| 0,206{ 0,09 4,66 8,0 8,8 187.5 1,93 -
= 0,24 | 0.31 | 1,05 | 0,253| 0.65¢| 0.245| o0.,005| 4,76 = 7.2 187, 6 — .
0.145} 0,225 | 0309 | 0,8i5| 0,238 | 0,578 | 0.232| 0,104 | 4,49 6.9 7.8 109 2.06 "
0,126 — 0,303 | 1,13 — 0,708 | 0,464 | 0,107 | 5,85 7.8 8,5 187.5 1,65 -
0,161 | 0,232 | 0,31 0,637 | 0,239 0,50 0,236| 0,091 ] 4.3 8.9 9.8 68,2 1,78 -
- 0,20 0,28 0,80 0,214 0,565 | 0,209 | 0,07 5,10 — 7.2 s - =
- 0,16 0,28 1,29 -— 0,76 — - - - — 500 = .
0,09 | 0,185 | 0,28 L1366 | — 0,691 — — 110,15 6.8 7.5 428 1.8 .
— . 0,21 0,94 - 0,562 | 0,346 | 0,08 7,58 — 9.2 3715 —_— .
— 0,20 0,29 1,04 0,205] 0,680 | 0,201 — 5,80 —_— 7,5 188 - "
=5 0.2t 0,28 0.63 0,216 | 0,443| 0,212 | 0,08 4,23 — 9,8 62 e -
0145| 0,28 | 0,27 | 0.675| — 0,556 | — — 7,00 9.6 | 10,5 88,2 1,8 .
—_ 0.20 0,26 1.06 — —_ — — - — 10 250 - .
0,153 | 0,24 0,31 0,80 0,26 0.54 | 0,26 0,085 | 7,55 8,9 9.8 83,3 1.72 -
0,153| 0,227 | 0.317| 0,873 | 0,235 0,597 | 0,231 | 0,11 6,75 7.5 8,3 125 1,98 .
0,169 0,258 | 0,348 0,886] 0,269 | 0,805 0,284 | 0,10 7.22 8.0 9.9 83,3 1,76 -
- 0,19 0,27 0.75 0,202 | 0,53 0,198 | 0,091 | 6.48 — 11,0 150 — .
—_ 0,26 0,37 0,97 0,265 | n,887 |1 0,252 0,12 7.60 — 14,2 180 - -
0,155 0,22 | 0.202( 0.6490| — 0477 | — = 5,02 8,5 | 9.4 62.5 1.8 =
0,084 | 0,148 | 0,197 | 0.524 - 0,322 — - 5,3 13.4 147 68,2 4 Hognran, selaprcEman
0,054 | 0,148 | 0,197 | 0,524 - 0,322 — — 5.3 13.4 14,7 8,2 4 - .
- 0,165 0,28 | 0,9 | 0.17 | 0.64 | 0,165 | 0,051 — - 1,5 187,5 - SACKTDOMATIHAHAR
— 0,27 0,38 [.10 0,29 0,75 0.28 0,10 6.5 —_ 15,0 71.5 —-— Tiipuc ropaas, He3apncHMa
0,193 1 0,241 0.353] 1,073 — 0,727 — —_— 9.5 9.8 10,8 125 4 Honnas, neszemcusad
- 0,268 | 0,425 | 1,65 0.271 | 0975 | 0.27 0.lu B.8 —_ 5.2 25 —_ . .
0,142 | 0,34 0,472 1 1,672 —_ 1,014 — —_ 7,62 7.86 8.6 230 4 . a
0,14 0,30 0,41 1.57 — 0.93 — — 5,1 9,0 9,9 93,8 3 Honnar
- 0,30 0,42 1,60 — — — — — — - 136.4 — CreyHaALtol O HCHOAUEHHA
—_ 0.33 0,47 1,6 — 0,9 —_ —_ 5.1 8,8 9.7 H2.8 - . "
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Tabnrna 2-2r

OcEDBHbE TeXHEYECKEE JaEHLEe CRHIPOHHLX KOMIEHCATODOR

: BoaGymnemme Tocto g E
E Crarop pediai Pean TuEALE CONOTHRTEARS, OTH. ©A. “”"’2” E & "
2 =i |E
E Tum & g B POMHHaM-| . E ﬂa
s -Q - g HOM peHHME T re ’ 1 -
E I &E = X Nxg | Fa ] Xg | X Xy | Xa % | Taqe | T1 | EG E<
. 3 w
B & |2B<| & | B o] Fa|26%
10 | KC-10000-6 63| s0| — | — - — lo124|0,22 |0,32 | 1,85 | — [1.,04] — o0 | 7.4 |2.74|1000) —
15 | KC.I000-11 [ 11 | 785 [ 186 | 565 | — [ — |0.i21 |0.065 [0.30 | 200 | — |1i1z{o,09 fo08 | a0 [2:55| 70| 8
37,5 | KCB-37500-t | 105 | 2070 | 207 | 720 | 200 |0.52 — |o.26 |o4s [ 2183 — |1.87|0.26 — w2 |28 | 0| —
45 | KCB-50000-11 10,5 § 2360 | — — —_ — — (0,28 10,43 24 10,29 11,38 — o014 9.1 14,25 750 23
75 KCB-75000-11 H 3970 | — | 1320 [ )50 (0,46 | 0,137 10,223 10,357 | 2,3 |0,445 |1,16(0,223 [o,002| B,9 |2,8 |1000] —
100 | KCB-1ooooo-11 | 10,5 | 5250 | — | 1350 | 230 | 0,522 0,121 |0,20 |0,40 { 2,1 |o,2t |1.26]|0.205 |ol10 | 9)3513'4 | 750 45
160 | KCB-160000-151 15 | 3860 | — | 1600 | 400 | — Jo.123 lo, 206 |0,433) 2,00 | — | — | '— — | 8510128} 7m0l 80
TaGauna 2-3
OcHOBHME COOTHOIMEEBHR ANH TOKOB B Hanpawernft B MCCTe HECHMMETPHYHOTO K. 3. NpH NpHMEHEHHH NPHHEIUNA
HANOWEHH 1
CoomiomenH
Bua x. 8.
A N5 TOKOB AN HaNpAXKeHH A
[},{(u}
. o . Lo IR () __ {i ' '
3avpikanue Ha 3eMI qﬁsﬂ A f,k—j*g—‘rax—'- 212 + 222_{_ Zu}: U“ __u}“l:ﬂ] + Ug!t ‘+‘Uo|(]
&)
3avukanne wa semmo pas B n C I I "
d 1= U oK)= - . . -
z + 22332021 U'{B) +U|(:‘] =Um= U"(
1BV Zoy + Zos
3amukanre Mmewiy ¢asamu B u C o
o6muii cnyuafi Z lg= — g =—5— U 4 O = Uy
( yualt Zy; # Zy) = Tt 5 f
L’,riBJ
- - K
UI{:;-]z_sz"-’— 2

3amukanne wmexny Qasame B u €
(np Zyy = Zgy)

Mpumeuaunnna: L. Z]E. 22!2 " ZUZ

Iu=—tu= 57—

0 —
YUHTHIBAETCS
U{:B) = —Zysh

E’zu e 22’ K

— COOTERTCTREHNO [eayNIETHpYIOmee ConpoTHBIeHHe cxem npsimoll, ofparHofi B nynesolt NOCNeNOBITENBHO-

cTefl CTHOCHTENLHO MECTa K. 3. 2 [-.I"‘:l) — BANPAMEHHE NPEALIECTEVICUIEr) HArPpYI0UBOrQ pEMHMA B MECTe K, 3. 3. “['ﬂ( CCCTABSEHHE HCNOABL3ORAHLT CO-

orHOmenns 1afn. 2-1.

B c¢xemax TmnpAmMO# nOCnNefoOBaTenb-
FOCTH conpoTHBieste 0600ieHHOH HarpyskH MNPHHHMA-
eTcsl paBHHM CONPOTHBAGHHIC HaFPySKH B TNpeXUIecTBYIO-
UleM Harpys04HOM pesKEMe:

Z U.lmrp i = 2-3
HaTp = L —-— h(ms?uu-p‘f' 1 510 Puprp) (2-3a)
{P UMEHOBAHHHX EIHFHOAX)

Z: 15arp==C0S Quarp-}j Sifl Prarp (2-36)

{B OTHOCHTEJLHHX eNMHHLAX).

B (2-3a) Usarp— Mexpy(asmoe HanpsixenHe TnoZ-
CTAHIIHH, K KOTOpOR mnpHkMouaercs o0oOmeHHAas HArpyska
¢ pabotei MOLIHOCTHIO Smarp B YIIOM HAIPY3KH Qgarp
B (2-36) ?"’"‘F OTHeCeHO X MONHoR pabGouell MOMHOCTH

(MB-A) u cpepemy EOMHRANbHOMY HaNpPSHEHHI CTYNEeHH
(xB), roe npHcoeANHeHa AAWHaA HArpysKa.

[lps uchonb3oBaMKE CTATAYECKHX MOAeeil NOCTOSHHO=
T0 TOKA H NepeMEHHONO TOKA H3a AKTHBHHX CONPOTHBJIEHHAX

22

B cooTeeTcTBHH C [28] oTHOCHTENbHOE PeaKTHBHOE COMpPO-
THBJEHHE I'IpﬂMOﬁ noCneJOBATENbHOCTH HAIDY3KH HPHGJIH-
MEHHO MPHHHMAETCH PABHHIM

U
——
-f:aarpz iSin'ﬁmrp'l'ﬂ :

rie 4a-— HEKOTOpas nOmnpaBOvYHas NOCTOAHHAA, YIYHTHBAK-

mas BJAHAHHE AKTHBHON CUCT&BJ‘ISIIOUIBQ HArpysKH, a TaKxe

TO, UTO YTON Qgarp ONPENENSETCH NO OTHOLIEHHIC K HANpss

KeHWI0 Ha DIHHAX TOZCTAHILMH, a8 He Mo OTHOLIEHHIO

K 5. 0. c. reAepatopoB. [Ipu6ananTtensio a==0,2+-0,3, yto

npH €08 §Prarp==0,8 coorsercrByer [1]
Xyparp == 1,2.
»

(2-4)

ConpoTHBIEHHE Ximarp OTHeCeHO K ToJiHOE paGoued
*

momuoctH (MB-A) warpyske H cpefilHeMy HOMHHAJNLHOMY
Hanpserno cTynedd (kB), rme npHcoemwHena pRaHHaf
Harpyska.

Ilpn oueHke nopefleHHA OHCTPOAENCTBYIOIiER 3AUIHTHI
BO3HHKaeT Bonpoc o6 yyere B npsiMOil MOCNeIOBATENbHOCTH



NOANUTKE B Haua/ibibie NepHOAW K. 3. OT ABHrarTelbHOf
qacTH O0OOLUEHHON Harpy3kH {(aCHRXpOHHLIE ABKWIaTeNH H
CHHXPOHHHE ABUraTeny Manoi MOLHOCTH, He YYHTHEaEMbe
OT/IeJbHO KAK FeHepHPYIOIHE HCTOYHHKE). Takas noankTKa
BO3MOIKHa, eCJi HaNpsyKeWwe Ha BLIBOJAx ABHraTeas (npe-
BOCXOASLIEE 5. f. C. ABHFATENS B HOPMAlLHOM peXHME)
B HauanbHbLle NEPHOAH K. 3. YMeHellaeTcss no 3Ha4eHHs,
MeHbllero 3. A. €. ABUraTens.

IlpencTaBasieTcsi BO3MOXHHM JBHIATR/NbHYI0 HArpysky
B pe:kHMe NOJNHTKH MecTa K. 3. MpUOMMXeHHO YYHTHBATb
nns =0 ¢a3nof ceepxnepexofHok 5. A, €. E”garp H COOT-
BETCTBYIOILHM HauyanbHOMY MOMEHTY K. 3. CONPOTHBIEHHEM
%" gerp. YTOUHEHH2s cBepxnepexopMasi 3. A. €. E”marp
onpeaeasercst no (2-1) npH NPHHATHE IONOMHTESBLHOTO
HaNpaBAeHHA TOKA OT IEBHraTeNId B CETh. anKTH‘lBCKH IJA
aCHHXPOHHBIX ABuratedell 9. A. ¢ E”gerp npubamxenrso
Moet OulTb NPHEATA PABHOM:

(2-5)

B (2-5) Cn;;)xnepexmaoe COMPOTHEJIEHHE ACHHXPOHHO-
rO JIBHTATECNA marp TNPencTaBlineT coGof pEeaKTHBHOe CO-
npoTHBJEHHE K. 3., KOrfla ABHCATeNlh 33TOPMOXKEH (CKOJb-
wenne s—1,0).

Ins cHRXpOHHBIX ABHraTe/ci CBEpXNepexoiHas 3. A.C.
E”warp TPHOJHIXEHHO NpuunMaerca mo (2-5) npu paGore
£ wenosoabyxaervem. [Ipu paGore ¢ nepeBo30yXAeHHEM
E” garp>Unarp, Mo3TOMY B (2-5) BTOpofi 4JEH AoNMKeH
OriTh B3AT ¢ 00paTHEIM 3HaKOM.

[TpubaHxenHo IS yueTa NOANMHTbIBalomere 3gdexTa
ot obobiliennodh Harpysku [1]

*E"mrp =0,85; f"umrp =0,35.

E" garp=U nrp-—x” BATP sin !Pnarp! HATD:

(2-6a)

Ipx yvyactun B 06001eHHO# Hagpyake GONBLIOrO HKCNA
CHHXDOHHRIX NBHTaTeneR 9. A. C. £"garp NONKHE NPHHH-
MaTbes OoJblIeH, npHOJHKEHHO

E*yarp=0,9 - 1,0. (2-66)
»

Harp

YuuTHEAs, 4TO NpPH K. 3. B ceTAX 110 kB 1 Buiue wa-
rpy3ka B NOJABJSAIOLIEM YHCIle CNYYaeB OKA3HIBARTCH 3JeK-
TPHUECKH BeCbMa OTnaneHHofi Oor MecTa K. 3. (B ocoleH-
HOCTH NPH HECHMMETDHYEHX K. 3.) H OTHOCHTEJILHO MaJio
BJMAET Ha pesy/JbTaThl pacyera, a TaKXke TO, YTO Y4Yer
HArpy3Ky sBJseTesl JHILb NONOAHHTENbHLIM YTOYHSIOLIHM
(paKTOPOM, MOMXHO, KaKk npaeHNO, HE YUHTHIBATE [NOUMHTKY
or obofiennof Harpyaky B HayalbHble MEPHOAH K. 3. MpPH
MaCCOBHX PacueTax TOKOB K. 3. AJif Lenefi pesieiHOH 3a-
WHTEL

B c¢xeMmax o6paTHOH moclleloOBaTenb-
HOCTH AacHHXPOHHMH ABHraTe/lb XapaKkTepHSYeTCs IKBH-
BAJEHTHHIM COMNPOTHB/IeHHeM NpH §—2,0, KOTOpOe NpPaKTH-
HECKHM MAJI0 OTNIHUAETCH OT conpoTHeNeHHs npu s=1,0, co-
OTBETCTBYIOLLEr0 YCJAOBHID Y4YeTa NOATHMTKR OT IBHCaTens
B mpAMOfi mocnefioBaTe LHOCTH (cM. Buille. TO4HOe 3Haue-
HHEe CONpOTHBReHHs OOpaTHoli NOCJAeNOBATENBHOCTH Y3ma
0000LIenHoli HArpy3KkH SaBHCHT OT THITA TOKONMPHEMHHKOB
H OTHOCHTEJIBHOIO COCTABA HX, B ofieM chayuae ero omnpe-
nellerne mnpeacTaBifeT TPYAHOCTE. [IpH OTCYTCTBHH KOH-
KDeTHHX RaHHWX AJig o6o6leHHON Harpyskn o6paTHofi mo-
CACROBaTENILHOCTH, BKJouawollel B ce0f NHTAIOMIYIO CeThb
U NoHHXawliue TpanchopMaTops, AJS NMPOHIBOALHOTO MO-
MEHTa BpeMeHH K. 3. npuHHMaoT [1] orHOCHTenbmo ysnos
35 KB H BBuUe:

*zmarp =0,194- j0,36.

Ipx npeneGperxeHsn AKTHBHON COCTABJSIONEH BBUHAY
€e OTHOCHTENbHO MAJIOTO BAHSHHA Aaaa obofuenHolk Ha-
TPY3kn B 0ODaTHOH NOCJEAOBATENBHOCTH NMPHHHMAKT TY Ke
BeJIHYKHY, 1TO B HAYaJLHEI MOMEHT K. 3. B MpAMOH moche-
JloBaTeNiLHOCTH No (2-6a) -

fmarp ==0,35.

(2-72)

(2-76)

ConporHp/iesns BHpPaXeHH B OTHOCHTE/bHHX eHHHIAX
fIpH nONHOA paGoyeil MomuoctH (MB-A) m cperneMm Ho

MHHa/BHOM HanpsieHHH (KB) cryrmemws, rae npHcoeanHeRa
Harpyska.

B cxemax HYynNeBofi nocneanoBaTelb-
HOCTH YuHTWBAIOTCA NHUL MOHHXKAWIUMe Tpancdopmas
Topul, npHkJAYennse K cetv 110 kB K BHlle H HMeWLIHE
Sa3eMACHHYIO HefiTpafib; ABHMATEIM M CTATHYECKHE MOTpe-
OHTenH NpH NPUKNIOMEHHH HX CO CTOPOHB! HH3LIErQ Has
MPAKEHUS,, eCTECTREHHO, B CXeMbl HYJCBOR [oC/ienoBa-
TenbHOCTH HE BXOANT.

2-3. PACHET TOKOB AN NMPOM3BONEHOIO MOMEHTA
BPEMEHM KOPOTHOIO 3AMBIKAHMSA

NPH YNPOLUEHHOM YYETE M3MEHEHMA 2. 4. C.
TEHEPATOPOB NO MOAYIIO ¥ MA3E

3A BPEMA NMEPEXORHOIO MPOLECCA

A. Obwme nonoxeHus

1. B cooreeTcTBHH ¢ yKasanuamu § -1 Huie paccMo-
TpeH crocol BEMHCNEHHA MEPHONHYECKORi ciaraolleli TOKa
AAs NPOH3BONBHOrO MOMCHTZ BpeMeHH K. 3. [IPH NpHMeHe-
HHH MeTOla CHPsAMJEHHBX XapaKTepACTHK B COUETAHHH
C MEeToROM KPHBHIX INpellesbHOro BpeMeHH AJR YNpoLleH-
HOrO YyYeTa H3MCHEHMfl 3. . C. I'CHEPATOPOB MO MOAYJIO
H thase.

2. Meroa cnpaAMaeHEnx xapaktepuctak [1, 18, 19]
MO3BOJIAET YHYUTHBATh 3aTyXaHHe CBOGONHOIO TOKA H BJHfA-
HuE peryNsTOpoB HanpsikeHus renepatopos. B [I] nmpuse-
IeHsl KPHBHE AJA onpefe/leHHsl PacyeTHLIX 3HAYEHHH Ly n
x¢ Typ6o- m THIPOTEHEPATCPOB CpelHed MOMHOCTH (A0
iODTKdB-r) ¢ aBTOMATHYECKHM DeryliHpoBaHHeM BOsOYXKne-
sust (APB), mcnonbayemble nas pacyeToB TOKOB METONOM
CHpSMJIEHNEX XapakTepucTHK. B HacToswed pa6ore Ha
OCHOBAaNWH MNaHHHX, fnpuBefterHnx B [20], mposenenc mo-
CTpOeHHE aHaJIOFHYHEIX KpHBBIX JJIf NMONYYHBIIHX LIADOKGE
npemenerie B CCCP  coBpeMcrHuix TypOorenepaTopos

0—300 MBr nps paboTe HX B NMPeNUIECTBYIOIHEM PEXR-
Me C HOpManbHOR HarpysKoi.

3. Ilns ynpouleHHOTO YueTa BJIHAHMSA YrJjla pacxoxne-
HMA 3. A. C. redepaTopoB no (ase wCTOABL3YETCst MeTOn
KDHBRIX NpejefibHoro Bpemern [1, 22, 23].

STOT MeTOR M2eT BO3MOXHOCTE HAHTH 3aBHCHMOCTb
yrila MexAy 9. A. €. reHepaTopHOR CTaHUHMH H HamnpsiKe-
HyeM WAH GeckoHeumnof MOLIHOCTH H/H YIJia MeXIy 3. I. C.
JIBYX F€HEPATOPHBIX CTAHUMA OT BPEMEHH € MOMOLIbIO HPH-
BbIX TMpeledbHOro BpEMeHH. ,U.J'IFI CHCTeM C MHOTHMH TeHe-
PaTOpPHEIMK CTAaHLUHAMH TaKHM crnoco6oM BO3MOXHO onpe-
AefleHHe TOKOB K. 3, IIPH YCJAOBHH pa3aesienHsd BCEX TEHE-
PaTOPHEIX CTaHLMH CHCTeMEl Ha ABe FPYNNB, B KauAOH H3
KOTOPHX NPHHHMAETCS ONHHAKOBOR H3MEHERHE BO BPCMEHW
9. A. C. FeHepaToOpOR MO yriy.

IMpepnaracmoe petuenne nenecoofpasHo npHMeHATb
B cliyuasix, koraa ocofo Tpe6GyioTcs YTOUHenHme 3HaueHHs
TOKOB K. 3. gyt [>0 (nHanpuMep, B ycOBHSIX IKCINyaTa-
UHMH MpH aFaju3e NefCTBUS peJiefiHOH 3ALIKTH).

6. Metoa cnpsSMneHHBIX XapakTepuCTMK

1. [Noevpoenre CnpsiMEHHBIX XaPaKTePHCTHK NpoBefe-
HO IJIA HCXOOHOM cxeMuw (pHc. 2-3,a), npencraenennoit
B npecbGpa3opaHHoM BRAEe pPHC. 2-3,6, B NpenmoJioxKeHHH,
YTQ THMNOBAX HArpy3Kka € MOCTOAAHHEIM CONPOTHBJIEHHEM
pasMelleHa Ha BEBONAX BHICLIErc Hanpsixexus Ttpaucdop-
maTopa. Harpyska npelicTapiena B BHAE aKTHEHO-DE2KTHE-
HOro yHTA. JnA coS Quarp=0,8 MOMKHO € HEKOTOpLIM
HPKGM}KEHHEM BHYHCIHTE 3HAYEHHHA rgarp H xxarp And
Clyyas, KOrfia K. 3. NMpeflueCTBOBana NOJHaS HArpyska,
caeaylHM oOpasoM;

ryarp=l f0,8=1,25; (2‘83)
Xuarp=1/0,6=1,67. (2-86)

Tunopkie mapaMeTphl, MPHHATHE AJR TYpOOreHepaTo-
pos 200—300 MBr ¢ APB 8 [20]: ¥
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Puc. 2-3. CxeMa, ncnionsayeMass MpPH NOCTPOEHHHM ChpAM-
JEHHBIX X3D3KTeDHCTHK.
G — HCXopHas cxema; 6 — npeoCpaloBAHHAA CXeMa.

x"4==0,20; x'a=0,28;
=0,115 c; cos p=0,8,

TlpH NOCTPOEHMH CHPSAMJEHHEX XapaKTEPHCTHK Ee=
=f(#) u x=[(t} 6LIH HCNOJLIOBAHL 3aHMCTBOBAHHLE U3
[20] pacueTHBle KpHBbie H3MEHEHHsi TCKOB K. 3. TypGore-
sieparopon 200--300 MBT ¢ nocTosIHHHIME BpemeHH BO36Y-
aprena Te=02+03 ¢ u T~=0-s0,15 ¢
C YuYeTOM HACHILEHHS H MpHBe/ileHHWe Ha puc. 2-4 u 2-5.

2. PacyeTHhie KpUBLe H3MEHEHHS] TOKA K. 3. I THNO-
Buix TypGoresepatopos [20] mpeacrasnsior coGoit 3aBucu-
MOCTE OTHOCHTE&JIEHOIC 3HAYEHHA ﬂEpHO}lI{‘IEC]{Oﬁ cjaral-
wel TOKa B MecTe K. 3. [¢ OT 3HaueHusg PAacYeTHOTU Peak-

xg=190; Tj=06 ¢; T"a=

Xpacy
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Pacvemmen pearmuBnarme, Xpacy

PHc. 2-4. PacueTHle KPHBHE TOKOB K. 3. THnosoro typGo-
renepatopa 200—300 MBT ¢ APB.

T,~02+03 ¢; {— MOMEHT BpeMeéHH OT H&Yaja K. 3.
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i
Puc. 2-5. Pacuerunle KpHBHE TOKOB K. 3. THNOBoro typCo-
resepatopa 200—300 MBt ¢ APB, T,=0+0,15 c.

THBHOTO CONPOTHBAEHUSI CXeMBl Xpacy JAJS PAZNHYHBIX MO-
merToB Bpemenn ¢ (ot 0 10 4 c).

3HaueHH® TOKA H DPACYETHOrO PEAKTHBHOIO cOMPOTHB-
JIEHHST BHIpaMeHk B OTHOCHTENBHLIX eAMHHIIAX DNpH HOMH-
HAlbULIX yonoBHAX. PacyeTnoe peakTHBHOE COTPOTHBJAEIHE
cxeMst (oM. pHC. 2-3) Xpaew=X"'a}%xx|Xx 32BUCHT OT yna-
JNeHHOCTH MecTa K. 3. [lo Mepe yBesHUeHHs CONPOTHB.ICHHA
Xpaca PASTHYME MEXAY TOKAMH BO BPEMEHH YMEHbLUAeTCH,
a I}PH Xpacw>>| pacueTHsle KpHBHIE /5l TYpGOreHepatTopos
¢ Te==02-+03 ¢ B Te=0+0,15 ¢ ornHuaoTcsl HEIHBYR-
TeNBHO.

PacyeTHne sHaueHEs 5. A. ¢ E: H CONpOTHRIEHHS X¢
renepaTopa AAf OTAEAbHLIX MOMEHTOB BPEMEeHH MOTYT GiTh
noJiyyeHsl cnpsimMaenneM Xapaxtepuctuk E.=f(lr) nanm
Us=f{lx), NOCTpOGHHEIX AJA Cxembl no puc. 2-3, McXonm
H3 KpHBHIX pHC. 2-4 M 2-5 B COOTBETCTBHH C [MNpHAO:Ke-
urem 201-2.

KpuBble 3aDHCHMOCTH pacyeTHOR 3. Jl. ¢, reHepaTopa
E¢ » pacdeTHOr0 PEAaKTHBHMOrO CONPOTEBJEHHS TeHepaTopa
X OT BpemenH ¢ JlaHpl Ha puc. 2-6.

CieflyeT OTMCTHTbL, WTO De3yJbLTATH COPAMIEHHs Xa-
PAKTEPHCTHK Jioisi TYPOOTeHepaTopoB € PasAKuHBIMH M0-
crosunbiMH BpeMend T¢=0.2-+03 ¢ u 7'.=0-+0.15 c orm-
YAIOTCH HE3HAuHTeJbHO; [03TOMY Ha pHc. 2-6 npuBeiens
kpusble E¢ ¥ Xx;, NOCTPOEHHBIE [0 CPEJHHM 3ladenisiv H
NpHrojiikie AJs TypGorencpaTopoB ¢ NOCTOSINHLIMH BpeMe-
ut Te or O o 03 ¢, T. e. gu TypOOreHepaToOpoB C Ma-
UIMHHEIM M HOHEBIM pO3Gyxnennem. Ha puc. 2-6 3. a. ¢
E; H CONpPOTHBJIEHHE Xi Jlankt B OTHOCHTENENBIX elHMHLAX
IpH HOMHHAJEHLIX YCJOBHAX TeHepaTopa.

Ilpu ucnoNb30BAHKHM METOJA CHMMETPHUHBIX COCTaR-
amoiunx 3apucamoetd E=f(f) u x=f(f) wmoryr OuTb
HCMONB30BAKKL ISl NaXOXJEHHS TOKAa (psIMOit TNocJexoBa-
TEeNBHOCTH s JwGore Buia K. 3.

3. Ilpn pacueTe TOKa K. 3. JAR 3343HHOM0 MOMCHTA
BpeMeHH TelepaTophl BBOAATCA B CXEMY NpAMOH mocneio-
BaTellbHOCTH € 5. L. ¢. E; M CONDOTHBAEHUEM X, ONpEJiE-
NeHHHIMH no pHc. 2-6, a cucTema €ecKoueuHOd MOULHOCTH
BBOAMTCH C COOTBETCTBylOLUe#l 5. Jl. C. H CONDOTHBJEHHEM,
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Puc. 2-6. Kpusrie mna onpegenennss By u Xy THOOBHIX Typ-
Goreneparopos 200—300 MBt ¢ APB, T.=0+0,3 ¢ (cnpsm-
NEHHble XaDAKTePHCTHIH).

r

paBHEIM HyJi0. Ecim B pesysbrate pacueTa TOKa K. 3. JIA
mo0Oro 3afaHHOr0 MOMEHTa BPeMcHu OKAXKeTCs, UTo Ha-
TpsiXeHHe Ha SaXHMaxX OJHOTO HIE MeCKOJNBKHX TeHepa-
T0poB GoJiblile ©IMHHIE!, NPOHSBOAMTCH TOBTOPHBI pacier;
TPH STOM COOTBETCTBYIOILHE TeHEePaTOPH BBOASATCA B CEeMY
€ 5. . C.,, PaBHbIMK eAHHHIle, H CONPOTHBJEHEAME, PaBHLIMH
Hymo (1. e. mpeAnoNaraloTcs pabOTAONMME B peXHME
HODMa/IbHOIO HampsiKeHHs ). :

4. Crenyer OTMeTHTB, YTO NPH paciete TOKOB K. 3.
MeTOHOM COPAMJMIEHHBEIX XAPAKTePHCTHK HATPYSKH JOJGKHB
6LITL BBEIEHE B TOUKEX HMX AefCTBHTENSHOTO MPRIOKEHHA
B CXEMBl OTAEIBHHX NOCJeOBaTeNbROCTEH,

5. las cayuaee, korga aeficTBHTe/bHbIE flapaMeTpEI Te-
HepaTopoB OTHYAIOTCE OT THHOBLIX, MOXHO BOCHOJb30BATH~
csl KpUBLIMH Opr=f(f) u Ox=[(f) (prc. 2-6), npwieM Oz
H Oxt — KOS(QQHIHEHTE B COOTBETCTBHH ¢ (OpMY/Admu:

Et=Eqnp'-'{Eqnp-'—E”r) Ogt, (2*98)
Xe=Xa— (¥a—x"g)Cxe, (2-96)

rfe Egnp— CHHXDOHHaS 3. H. C., COOTBETCTEBYIONIAS Tpe-
JenbHOMY TOKY BO30ympenua (npu yuere (OPCHpPOBKH BOS-
Oyxieuns); E”,-—cpepXlepexoinas s. HA. C. npelllecr-
BYIOUIETO PEKHMa; Xg — CHHXPOHHOE PeaKTHBHOE COUPOTHB-
JEHHE TreHepaTopa; x“g — CBEPXNEPEXONHOE PeakTHBHOE
COMPOTHBJIEHME I'eHepaTOpa.

Hnsi TypGoreseparopos 200—300 MBT, ucxoms u3
TPHBEJICHHBIX EBbllle THNOBLIX NApaMeTPOE H KPATHOCTH
(dopcrpoerr k==2,0, NONYUHM 3HAUEHKH 5. [, C. THIOBOrO
rexeparopa gnsi f==o00 u f={0;

Egp=2V Urcosglt + Wrsing FTrg) =
=2V (1.0,8) 4 (1.0,6 -+ 1-1,9)*=5,24; (2-10a)

E =V ({Uscosg) F (Upsing + Ik )t =
=V {1087 1 (1-0,6 + 1-0,20*=1,13,  (2-106)

rae. Up-~— Hanpsienwe Ha BHBOZaX redeparopa; Jn— TOK
reHepaTopa; cos<@ — kosdprIAERT MOWEHOCTH reseparopa.

Toncrashsisn BHYHC/ICHHEIe 3HAYeHHS 3. A, C. Eguop H
E¢ 8 (2-9a) m (2-96), nonydaem pacuerrble BEIpamKeHHH
ANg ofipejieNieHHs KO3(DQHUIMERATOR Og; H Oxg JJIA OTACNB-
HHX MOMEHTOB BpEMEHH;

5,24 — E;

O = W__; (2-] lﬂ)
1,9—x

T (2-116)

Bouncaestnie no (2-411a) m  (2-106) saBHCHMOCTH
opr=[(f) n Ox=[(f) npuBenenn ra puc. 2-6.

Takum o6pasom, ecyli FeHEpaTOphl pPaCcCUHTLIBAEMOI
CHCTeMBl HMMEIOT MAapaMeTphl, OTJHYHEE OT NPHHATHIX INpH
NOCTPOEHUH CNPAMJEHHLIX XaPaKTEPHUCTHK 3. A. ¢. Et n
conporueieruli x; (puc. 2-6), TO TakOBble OIpeENSIOTCH
no (2-9a) » (2-96), B KOTOPHIX YUHTHIBAIOTCA pealbHbIe
napaMeTpyl TeHepaTopoB M KOS(PHLUEHTH. Ox: H Oxg 10

uc. 2-6.
< 6. BaxHo OTMeTHTh, UTO NONL30OBAHAE KPHBEIMH Opi==
=f(f) u Ox=f(f) ¥a puc. 2-6 naer BOSMOXHOCTb Olpeje-
JMUTH ¢ HSBECTHHIM NpPHONHIKEHHEM TOKM Ansl Joboro Mo-
MeHTa BpeMeHH JJ5 renepaTopoB pasHelX Tunob. [Tpu sToM
HEOBXOAMMO HCXOQMTL HS PeaNbHEIX [T2paMeTpoB reHepato-
poe gacctxmunaeuoﬁ CHCTEMEL

. Ilnsi cnydaes, KOrfia nocrosikMas BPEMEHH IeHepa-
TOpa OTNHYAeTCs OT MPAHATOTO PACUETHOTO 3HAUEHHA
Troup=06 ¢, MOMHO C HeKOTOpLIM NPHOMHIKEHHEM NOAL3O-
BATLECS TEeMH JXe€ KPHBHME Ha pHc. 2-6 He jis peiicTse-
TEJIbHOTO MOMEHT2 BpeMeHH f, a LA €r0 OPHBEACHHOIO
SHaYGHHS, BEMHUCHseMOro no dopmyne

Tfotxp)
¢t
fa

(2-12)

rae Tromp) — MOCTOSHHAS BpeMenu typGoreHeparopa, npH-
HHTas ngn NOCTPOEHHH PacyeTHHX KPHEHX Eq=[(f) n xi=
'=f{t) [ .fu{xp}=6 C].

8. Cnemyer OTMETHTb, YTO pacyerHHE 3. Jl. C. M COMpO-
THBNeHHs E; u X; NOMyueHB! MpH YCNOBKH paboThl OAHOrO
reKepaTopa Mo cxeMe pHc. 2-3, a NOTOMY NpHMeHehHe HX
A7n5 OlipefeNieHHsl TOKAa K. 8. JANA JHOGBX MOMEHTOB Bpe-
MeHH B CIAOMHBX CEeTHX MOXeT OBTh CONPHANKEHO ¢ HEKOTO-
poit MOrPeInHICTHIO, : '

B. Metoa kpusbix npepensHoro spemenu [22]

1. Tunosble KpHBLIe NPeAeNbHOr0 BpeMeRH (HHTerpasb-
Hble KPHBblE) OGECTeYHBAT BO3MOMHOCTB  YIPOMIEHHO
Ofipefle/INTL Yron & MEXKAY 3. A. C. 38 NepeXOABBIM CONpPO-
THBJICHHEM JIBYX TPV I'€HEDATOPOB B (VYHKIHH OT pac-
UeTHOTO (MpHBeZeHHOro) BpeMelH T.

Hamsnit MeTof NPUMEHHM NpH CIEAYIOUMX AoMy-
IIERHAX?

MIOCTGAHCTBO 5. . C. 32 MePeXOLHLIM DEAKTHBHELIM CO-
NpOTHRNEHHEM reHepaTopa x'q;

SaMelleHHe HATPY3OK IOCTOSHHEIMEH COINPOTHB/CHHIMY;

MNOCTOAHCTBO MOIIHOCTH NepBHUHOIO ABHraTelss,

2. Huxe paccmaTpuBaercs npHMeHeHue MeTOfla KpHM-
BHIX MpeeNbHOr0 BPEMEHH LAA YeTHIpeX XapakTepHEIX cly-
4aes,

a) Pafora rencpaTopHoii CTaHEE Ha LIMHLI Oecko-
HEUHOH MOI{HOCTH Yepes nuEMio (puc. 2-7,0) npm yuere
AKTHBHBIX CONPOTHBJEHHI CXEMEL

Hupdepernnaisnoe ypapHenue JIBHREHHS pOTOpPOB re-
HEpaTOpUB

f: L‘r Uz [.Qg

Foat (5 | Cucmemes
T I
=07 a)

Ell6, - Uy Uy £ 12,
Fr.a1 " I : v} Pnaoz

o I | -

=88 8) i

PHc. 2-7. HicxofHble ¢XeMbl IJS MOACHEHHS MeTOf&@ KPHBEHIX

. NpefeNsHOrO: BpeMEeHH.

& —cxeMa ¢ remeparopHofi cramuuefi, paGoraroulell Ma DHuL Gec-
KOHEUHO! MOWHOCTH; & -— CxeMa C JAPYMS reHepaTOPHBLIMU CTaH-
LLHAMH,
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T.ﬂ d8yy Erf
—‘; ———-dtz =Fqn— "_“'z" sin Gyy —
E"U,
— z‘“" sin (8,0 — %19), (2-13)

rpe Tryy—nocrosiipa# MHEPHHH TeHepaTOpHOH CTaHIEW,
npHBeNeHHaa K Oa3ucHON MOLIHOCTH, C; £y — CHHXPOHHAA
.CKOpOCTB, paBHaf 314 pan/c; 8jz— yroan Mexay 3. A. C
reHepaTOPHOH CT8HIMH H HaNpsiKeHWeM IIHH OeCKOHeYHOH
MOIUHOCTH; Pr, gy — MOIHOCTE NEPBHYHOTO ABHCATE/]sl reHe-
pATOpHOil CTAHUHMH, NpHBeHeHHas K OGasHCHONl MOINHOCTH,
E'| — oTHOCHTe/IbHaS nepexojiHas 3. A. C. TIeHepaTopHOH
cranuun; g — OTHOCHTENRHOE HANPSIKEHHE INHH Gecko-
HedHoM MOIHOCTH, Z); — MOMYNE COOCTBEHHOTO COMpPOTHB-

JieHESL CXeME! CO CTOPOHEI TeHepaTOPHOH CTaHIMH, OTH. ell.; -

o7 — JonogHaoLHE yroa po 90° cofcTBeHHOro CONpOTHE-
aennst Zyy; Zyp — MOAYJEL B3aHUMHOIQ CONPOTHBJEHHS reHe-
PaTOpHOH CTaHIME ¥ INMH OecKOHeYHO¥ MOIIKOCTH, OTH. €[.;
O — ponoansiolnit yron go 90° BsaHMHOre COHpOTHEINe-
HES 5. .

Bupamenne (2-13) momer OHT: HpHBeAEHO K BHAY:

Tyn a=

S =Pan—Pusing,  (218)
rpe & =8 — 03 . (2-14)
E 2
Py #Pn.m_'"z;';"sm Y H (2-15)
E'U,
=g (2-16)

zlill ¥

riie Py — aMnanTyAa YIJOBOH XAPBKTEPHCTHKH MOIBEOCTH,
npyBefenHas K Ga3HCHON MOIIHOCTY.

' Paspenue nesvio -u npaByio 4actH (2-13a) Ha Py H

BReflsi 0003HaveHnA

E',?
P anlu —— -Z-"I- Sjn all
y A5 11 = 2.17)
. PH = E’)UQ » (
12
0Py ]
= . 2-18
g T i

rae T— NpHBEXEHHEOe BpeMS, NoAyuHM Bmecto (2-13a) co-
OTHOWIEHHE
4%

'ag-zr—-—sin d. (2-19)

6) MNapamnenchas pa6oTa HBEYX FeHePaTOPHHIX CTaH-
L, CBSI3AKHEIX JmEwWel nepesiaun (pHc, 2-7,6), npH yuere
8KTHBHHX COTIPOTHB/EHHH CXeMbl

JuddeperunantHoe ypaBKEHHEe OTHOCHTENBHOTO ABH-
JenHs POTOPOB I'eHepaTOpOB

r2
l dsalg l EI %
o B TT, [Pu-m —Z,; Sine, —
E'.E? 1 o” E
il zl“ 2 sin (812 — o43) ]_ T [pn.m — 72;2- sin agy -

N

o |
o Zyp *sin (@, + 0'1:)]'

rpe E's — OTHOCHTENLHas NEpexojHas 9, A, C. BTOpPOH re-
HepaTopHOl CTEHIEE, Zss — MOAYNL COOCTBEHHOTO CONPO-
THBJAGHHA CO CTOPOHH BTOPOH TeHepaTOPHOH CTaHIHK,

(2-20)

OTH. ell; Gy — AONOJHSAIHEA yroa Ac 90° cofcrBeHHOIO

CONpOTHBAECHHEA Zgy, Pp gz — MBIIHOCTE MEPBHYHOTO JBHra-
Tens BTOpOfl reHepaTOPHOl craHumy, npupeienHas kK Oasuc-
HO¥ MOIIHOCTH. '

OcrancHee
B (2-13).
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ofi02HAteHHS  AHAJOTHYHHEL  TAKOBHM

Buipaxerue (2-20) moxkeT GHTR NpHBEfiEHO K BHAY:
% %:-f— = Py — Pysins, (2-20a)

e §=8,,-F¢; (2-21)
b= arctg{——;ﬁg—f tg a,,); (2-23)

. Ty, E*
Foa =g r, \Tra— g0 ) —

T Ey® \
T . O 16 - T B - X
Ty+Th ( R I sino:,,) 29
1,y
Py sind = m (7510 (8,5 4 oy9) -+
E'.E'y i

+ Tpysin (8, — 0y5)] = s Tp+1g X

X Vﬁ;{l_ + T +2T T 2 cOS ET,; X

K sin (8,5 +¢4) = Pysin (85, + ¥). (2-25)

Pasgenus sepy:o H npasyio sactu (2-20a) ua Pu @
BReA 0003HAUEHHNA:

T ELR X
_m_ﬁ( B B
Pn.n T_" +T_r3 e Zis 5 nu.“)_
Py 5 < >
. Tn%%n

T =

i E5?
J1 : 2
._.."'""—_'_Tn + TR (PH.H.S — Zg,’ Sin G.’) .

e M i (2-26)
x VT’_” + TEJQ + HJITJE COS-Qﬂ'-l'
r= l/ (%T,M . (2-27)

rje T— NpHBEAEHHOCE Bpems, noayuum emecro {2-20a) co-
orroierue (2-19).

B) Pabora reHeparopHofi CTaHIME Ha INHL GecxoHes-
Bofi MOIHOCTH Hepes JHEHK (pHc. 2-7,0) TpH HeyueTe
AKTHBHBIX CONPOTHBIGHHE CXeMb

Jns s1oro cayuas B (2-13)

ay=0; a=0; d1=>5;

Py y=Pu.x1; (2-28)
Eny,
=g (2-29)
P,
c=t "’“TJ” : (2-30)

TIpu stoM (2-13) npuanmaeT pap, (2-19).

r) Ilapannencuas pafioTa ABYX reHepaTOpPHHX CTaH-
unfl, cEs3aNHEX JuEHeH nepemaun (puc. 2-7,6), NpH Heyde-
T€ aKTHBHBIX CONPOTHBIEHHH CXeMEL



st storo cayuas B (2-20) @;=0; Gp=0; an=0;
P=0; 8d=05y; '
TnTp
=Ty +7g
o T W LI R
A= T+ T ™8T, F7," mnan

(2-31)

Py (2-32)

r 7
: E’IE'!
Zy '
75 e
Tt o Tyt Ty ooms
— E',.ET,
Zys

/ 03Py
T.l'

(2-33)

v (239

=1 . (2'35}

[Tpu srom (2-20) mpnunmaer BuL (2-19). Hadpdepen-
OuaybEble ypaBHeHHs Brpa (2-19) Ans Bcex ueTHpex cuy-
YacB peleils! IPH NOMOUIH BBIUHCJIHTENEHOH MAlIMHEL

TrnoBLie KpHBLiC 3aBHCHMOCTH yraa Ogp MEXAY s, K. .C
TeHEpPATOPHBIX CTAHIME 8a INepPeXOAHBIM CONMPOTHBIIEHHEM
I yTsia Mexay 5. A. ¢. TeHepaTOPHOH CTAHIHH H Halps-
MenveM 1upH GCCKOHCUHON MOIIHOCTH OT - IPHBE/IEHHOrO
BpEMeHH T NPH DadJHYHBIX SHAYCHWHX napamerpd T W Ha-
ganeHoro yria 8 (KpuBhle NpeflesIHOTO BpEMEHH), SaHM-
cTBOBaHHEC 3 [22], npypenenkt HA puc. 2-8. |

3. Hmxe yxasaHn 5TAOH pacuetd TOKOB K. 3. AMS
38JAHHOTO MOMEHTA BPEMeHH C TOMOIIBIO CIPSMJEHHBIX
XapaKTePHCTHK B COYETAHHA ¢ KpPHBEIMH NpejesibHOro Bpe-
MEHH.

a) Onpenensrorcs cOGCTBEHAEIC H BIAHMHBIE CONPOTHAB-
dieuun Zyy, Zyp 9 Zpg, OpHueM coGCTBENHEIE CONPOTHBICHKS
Zy, u Z,, ONpPENeNAlOTCS TOKOM OT 5. . C. JIAHHOTO HC-
TOYHWKA IIpH OTCYTCTBHH 5. Jl. C. OT JIPyrHX HCTOYHHKOB

E, E,
zuﬂ'j_ g ' 222=T E
1 B0 2 |E,=0
conporEBienne Z,, ONDeJETACTCS TOKOM B IEMH JNAHHOTO

, TOrfa KaK B3aEMHOEe

HCTOYHHEA, Os}'CﬂOBﬁeHHbIN 9. Q. C. APYyrord HCTOYIHKA
Z E’ . _é_
N £ PP A

6) OnpezessioTcA MOWIHOCTH NEPBHYMLIX JBHraTened
Ppp W aMOAWTYE YTIOBOH XAPAKTePHCTHKA MOILHOC-
TH Py, NpEBe/ieHHbe K Ga3HCHBIM YCIOBHSIM.

B) Onpenensioress napamerp I' ¥ 3HayeHue NpHBEJEH-
HOro BpeMeHH T.

r) PSIIP&}.‘LEJ’IS!GTCH uauaNbHE yroit So.

1) Tlo aappenwsiM suavenustM T, I g 8o C nomonipto
EpHBLIX LpefensHOre ppemery (puc. 2-8) onpenedfisercs
NpeenbAblE Yyrol MeXAY 3. H. C. TeHepaTOpHLIX cTaHUMI
H HanpsiKeHHEM CHCTeMB GecKoHeuHol - MOOIHOCTH  HJH
MeXay 5. A C. ABYX TPYI FeHepaTOPHHIX CTaHHMH.

PH CHOXKHOI CXeMe C HEeCKOJBKHMH FeHepaTOPHBIMH
cTapnMAMH HeoOxogEMa pesGuBKa IeHEpatTODHEX CTAWUsi
HA [Be IPYINHE B NPEATIONOIKEHHH, tr?o B IIPE;IeJlax Kax-
zofi TPYNIE B NpOLECce KauaHuii Yriisl NepeMerleHudii po-
TOPOB T'EHEPATOPOR OJHHAKOBEL )

4 l'[opxpnguu Ee=f({) n xe=f({) vmm or=[(t) n
Ox=f () HaXOuAT AN 3ANAHHOTO MOMEATa BpeMemn i
8HAuEHHsT 5. J. C. E4; W CONPOTHRJEHHS X" FeHEPATOPOB;
ciacTeMa GECKOHENHOH MOIMHOCTH BBOJIHTCH CBOHM NpHBeIEH-
HbIM HANPSUKEHHEM, TPHUen CONMpOTHB/CHHe CHCTEME Gecko-
HeYHOH MOLIHOCTH NPHHAMAETCs PaBHBIM HYJIIO.

%) s COCTaBJICHHON CXEMHl SaMEILEeHHs NPOHSRONHT-
Csl PacyeT saflaHHOrO BHAA K. 8.

Ecner B pesyisTate pacuera HanpsiKenne Ha 3mKHMAx
ONHOM H3 IeHePaTOPHHX CTAHIMI OKaxKeTcsl GOJLILE HOMH-
HaJILHOI'O, COOTEETCTBYIOLIASl I€HEPATOpPHAS CTAHUMA Opes-
nonaraercsi paCoTawouleit B pexHME HOPMAadbHON'O Halpsi-
JKEHHS] H BBOAMTCH -B CXEMY € 5. 4. C., paBHOH eIuHHuIe,
H CONDOTHE/ICHHEM, DaBHRIM HYJK, HOPH 5THX YCIOBHSX
IIPOBOANTCA MOBTOPHEIH PacyeT TOKOB K. s.

4. Iinsa npowsBozcTBa pacdetor na SBM venecoobpas-
HO paspaGoTaTe CIEHHANBHYIO NMPOrpamMmy, OGecneyHBalo-
WyK upy TepBoM ofpaulenns kK DBM HemocpencTseHHyo
‘BRUIAYY napaMeTpoB T B T, @ npn BTOpoM oOpaileHHH
K OBM HenocpescTBeHHMI paCYeT TOKOB K. 8. gAs JAHHONO
MOMEETa BPEMEHH ¢ aBTOMaTHYeCKHM NEPEXOMOM K pAaCYery
€ HanpSIREHHSMH H3 3aXHMaX TIeHePATOPHHX CTRULHEH,
PABHEIME efHHYLE, €CJH B PeSyJbTaTe pacdera HanpsKeHHe
H2 BAXHMAX COOTBETCTBYIOINMX TIEHEPATOPHMX CTAHIAN
DKa3aJlock GOJNBINE efHHHILL

Ilpn yuere B cXeMe TONBKO DEaKTHBHHIX CONPOTHBJTE-
HHH PacueT TOKOB H HANDSIKEHHH K. 3. MOXeT OMITB TakiKe
NDOH3BENEH C HCNO/Ib3DBAHHEM CTETHUYECKHX PACUETHEIX
MoZleleli NepeMeHHOTO W NOCTONHHOO TOKAE, BEIIOJHEHNBIX
Ha aKTHBHEIX CONPOTHBJEHHSX.

Xon pacveTa miOCTPHpYeTca mphMepom 2.

2-4. OCOBEHHOCTH COCTABNEHMSI CXEM
3AMELLEHUS TPAHCOOPMATOPOB,
ABTOTPAHCBOPMATOPOE M CIABOEHHBIX
PEAKTOPOB

A. Cxemer samewyenus rpsmon (oBparHoit)
NoCNeROBATENLHOCTH MHOIOOBMOTOYHBIX
Tparcpopmaropos {1, 25 u 26]

1. TparcdopMaTop ¢ r o6moTkamm npu npereGpexe-
HHM TOKaMHP HaMalHMYHBaHKs B o0lieM cayyae xapakTepH-
SYeTCH CONPOTHRJIEHWSIMH K. 3. NON2PHO B3ATHX OGMOTOK.

Cxem§ saMeliexnsl  1-00MOTOYHOrO  TpaHcdopMaTopa,
B _KOTOPOH SJIEKTPOMATHHTHLIC CBSI3H MEXKLY OTICTbHBIMH
OCMOTKaMH. 3aMEHEHH! S/CKTPHUCCKHMH CBSISSIME, HMeeT R
ONOPHEX TOYEK (BXOMOB) M MHHHMAJbLHOE UHCIIO BETBeH,
COOTBETCTBYIOUIHX HYHCIY 3afaHHBIX HC3ABHCHMHX CORPO-
TEBJEHEN K. 3., paBHOE

nin—1)
. Dpaxrmyeckn moxer okasatses penecooBpasurM » pe-
JIIX YNpOUIeEHs NPHHATE SKBHRAJEHTHYIO CXEMY saMelre-
HHA € YHCIOM SneMeHTOR, CoublumM, ueM no (2-36), no
lpr YACTe HESaBHCHMEIX S/EMEHTOB TOUHO no (2-36).

[MapameTpr: cxemu samemenns OLpE/IeNsIIOTCS 3aNAH-
HBIMH COTIDOTHBJICHHSIMH K. 8. TpaHCQOpMaTopa.

2. lns  1pexo6MOTONEOTO  TpamCHOpMaTOpa (asTO-
TpanchopMaTOpa) SafAIOTCH TPH  CONPOTHBIEHHN K. 3.
MEXIYy MonapHo B3ATHMH O6MoTkaMmu: Zp,, Z;s o Zoy
(puc. 2-9,a). Musnmanenoe wvcao Berseii CXeMEl 3aMellle-
HHY B COOTBETCTBHH ¢ (2-36): !

3(3—1)
F—=3.

CxeMa saMelllenns HoMKHa CONEpXATh TPH BETEH C He-
SABHCHMEIMY COTIDOTHBJICHHANE W MOMET OHTh Mpe/CTaB-
JIEHA TPEX/YeBOU 3pes/oft (puc. 2-9,6).

Ius onpenenenns 08paMEeTPOB CXeMH  3aMeIXCHMHS

(puc. 2-9,6) BepasumM Bx uepes sallaHHHE MeRAYo6MOTOY-
HEle CONPOTHBJIEHNS K. 3.
Lip=2Z,+ Zy;
=7+ Zy; (237
Zyy=Ly + 2. .
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7 Zy3+Z 13— 123
Zgﬂ'—""""—_' 3

_ Zgp+Ipz— Zix
2=t 03

Zy3+Za3~Z1z

4. Cnenyer 3jiech OTMETHTDH, YTO SKBUBAJIEHTHAS CXe-
Ma 3aMelleHHs MHOroo6MOTOYHOrO TpaucdopmaTopa He:
MO¥eT ObiTh BLIIOJHEHA € YHC/AOM BeTBefl, MEHEBIIHM, YeM
no (2-36). Tax, weTepexJiyueBasi cxema mo puc. 2-10,6 we
MoXeT GhiTh NPUHATA B KAUECTBE CXEMbl ETHPEXOOGMOTON-
Horo TpamcdopmaTopa, ANA Kotopore no (2-36) g=6.

310 OyZer BHAHO, €CIH BHIPA3HM MNAPAMETPH CXEME

2 3 Z= samellenns puc, 2-10,6 Yepes samannbie MeXEYOOMOTOUHBIE
: Z. 3 Z CONPOTHBJIEHHA K. 3.:
Gf} d) Zy=a+b; Ziy=a+t¢ Z,,—a-}d; } 0.38
Zos=b+¢; Zyy=btd; Zyy=c+d. ;i ( .
Puc. 2-9, Cocrasnenue CXeMpl 3aMEUIEHHS TPEXOGMOTOUHO- Hs (2-38) BeiTex2ioT coOTHOINEHNS:
I0 TpamcdOopmaTOpa. Zyy—Zyy=b—e¢;
@ — MCXOHHas CXema; § — CXeMa 3aMenieHHs. IR } {2-39)
11 |2 e=A+ VAB ; #=8 +/AB;
ef
a=05(Zsp +Z3~ 41 ey B
ef
3| |4 b-05(2; * 224~ Ly~ ;17 )5
H a) 2

&f
C=05(Zp +Zsy~Zy~ ;Tf):

' ef
081 20 1 2,
ade: ﬂ-—"—-Zﬂ: i Zza'_ZJg ""Z;z 7
B=Zpy+Zp5—23y L3

3 8 4

Puc. 2-10. CoctaprierHe CXeMHl 3aMelleHls YeThIPEXoOMOTOYHOrQ TpaBchopMaTopa.

a — pcxonHesn cxema; 6 -—Cxema 3amenieHMs (napaMeTpPhl CXeMEl — cM. MpENoxenue 21-5A); & — cxema saMewlensns, He YAOBJAETEODAK--
ujas HCXONMLIM YCIOBESM J/5 ¥erhipexoOMoroyHoro tpaHcdhopmaropa.

Peinasi COBMECTHO 39Ty CHCTeMY YpaBHeHHH, NoJyuaem
JUN5l NapaMeTPOE CXeMBl 3aMELUEHHA pPacueTHHIE BBIpAXKe-
Hps, NpHBeieHHbie Ha puc. 2:9,6. CnenyeT OTMeTHTB, UTO
conporusienusi Z;, Zo U Zg He ABARIOTCA DHIHUECKHME CO-
NPOTHENEHHHMH -OTHEABHbIX OOMOTOK, & NpejcTaBAsioT co-

OOH yMCcTO wMaTeMaTHYeCKHe BeNHYHHLL NOLYHHAILHMECA
(2-37). a
3. s YeTHIpeX0GMOTOTHOTO TpanchopmaTopa

(puc. 2-10,a) aapaloTcA INecTh HE3aBHCHMBIX
Hult K. 3.0 Z19, Zys, L, Los, Log ¥ L3y

Munnmanenoe uncAo eeTBeli CXeMbl 3aMellleHHST B CO-
OTBeTCTEHH ¢ (2-36):

CONpOTHRJE-

4(4—1) 5
P 2 & dfe)

Jusa paccMaTpHBaeMOro Cliyuas MoXeT OBITB NPHHATE
cxema 3aMellieHHd B BHAE NONHOTG YeThIpexyroJbHHKA.
Onuako Gojee ynoGHo# sBisiercs cxema no puc. 2-10.6
€ BOCEMBIO BETBAMH, HIECTh M3 KOTOPHIX HMEIOT HESABHCH-
MBle CONPOTHBJIEHHSI; STa CXEMa COJNEPIHT BbUIeNEHHbIE
,BETEH CO BXONHEIMH TOKamM TpascOpMaTOpa H TONbKO
OJHH 3aMKHYTHI KORTYp [34].

Jlns onpepenenns CONpOTHBJICHHA SJEMEHTOB CXeMbl
samemeniss no puc. 2-10,6 BeHpasMM MX 4epes 3aNaHHEE
CONpOTHBMEHHA K. 3. Z1p, Z19, Z14 Zosy Lo B Lga.

ofd)

b(c)

Jna ucxomHoli cxemu no prc. 2-10,8 MONKHO TakaM a s 3 ¥
06GpasoM COCTaBHTL MIeCTH YPaBHEHHH, peleHHeM KOTOpbX O iy o AVeS, R (o .2 -
H ONpeflensIoTest NapaMeTpbi CXeMH SElMEIILEHHﬂ puc. 2-10,6, " 2 (Zz3 Z”} Z23 2 L1z ;
KaK 3T0 NOKa3aHo B upuioxkennu 2[1-3 o S Z33 .
- b= Bph Ty lm—

Prc. 2-11, Cxema 3ameiiteHust 9eTHPeXOOMOTOYHOrO TPAHC-
dopmaTopa NpH YCIOBHH, KOrKA 3aflaHEkl COOTHOLIERHS
(2

*

f 3
: c=-z*(z,&-— ZN)’"ZZS“P'E"ZAQ H

A= 2(Zy+ I35~ Li52p2).

Npumevaune. B crobkax maue oTimualomuecs oGosHaue-
HHS COOTBETCIBYMMUMX BeTBEH MO PEC. 2-1Q,6,

30



o wupaau, upn BpnmMCACHHR Cxembl Hd
prc. 2-10,6 npuBHOCATCA ABA COOTHOweHus (2-39), KoTophie
OTCYTCTBYIOT B ECXOAEHX JAHHBEIX, YTO HELONYCTHMO,

5. Jlns cnyuas, xorfa He Bce 3aJiaHHBe CONPOTHBJE-
‘HUA K. 8. 4eThlpeX06MOTOYHOrO TpaHcHOpMATOpa pAS/IHY-
HEl, pacyeTHble COOTHOLUEHHS JJIfi ONpefleNieHEsi Tapame-
TPOB CXemn sameniexusi puc. 2410,6 ynpomaiercs. Tak,
€CAH-3aJ1aHO ;

lig =12,y
Zyy=1Z zar J

TO UYHCJO HESABUCHMBIX CONPOTHBNEHHN K. 3. CHHSHTCH
C MeCTH jio ueTHpexX. BuBom pacueTHHX BhipaeHmil s
paccmaTpHBaemMoro ciyyas jad B npuaoxennu 2I1-3B. Co-
OTBETCTBYKIIAst CXeMa SaMelleHHsl, HMeIlas YeTHpe Hesa-
BHCHMBIE BETBH, AaHa Ha puc. 2-11. HeobxomgHMmo yuyBThI-
BaTh, YTO B CXeMe Mo pHC. 2-11 HauMeHOBAaHES BeTBel ua-
_ CTHYHO M3MEHEHn! B CPABHEHME CO CXeMoil mo puc. 2-10.6.

Heo6xouMo oTMeTHTs, uTO cxeMa no pHc. 2-10,68 se-
BepHa E B DaCCMATPHBAeMOM cJy4ae, TaK KaK sajiaHHkle
cootHomekns (2-40) me cobmofanTcsi NPE-YYeTe COOTHO-
ulekudi (2-39), copaBea HMBHIX Iast cxemel mo pue. 2-10,8.

(2-40)

b. Cxemel 3ameuieHus npsimoit (oBparHoii)
nocnefoBaTenbHOCTH TpaHCOPMAaTOpPOER

€ pacuiernsieHnMem ofHOW M3 OBMOTOK

H@ HECKONbKO 4acTel npu NpUBEASHMU
BCEX Li€neH K O4HOM CTYNeHM HanpsiKeHus
[25, 26 v 42]

2] OaHothasHei XOGMOTOMHBIA TPaHCopMaTop
€ pacujenneHHoH obmorkoh HMsLero HanpA#HeHus

I. TpaucdopmaTtopst H aBroTpancdopMaTOphl € pac-
wenNeHHbIME OOMOTKaME XapaKTePHIYIOTCS TeM, UTO YacThk
HX 0OMOTOK HeMHTCH Ha ABe HIE Goflee He3aBHCHMEE [iellH.

U ABYX paculelnienHbix nemax (puc. 2-12,2 (1)) #Byx-
obmorourpiit TpaHchopMaTOP MOXKET PACCMaTpHBATHCH Kak
TpexoOMOTOYHEI ¢ oOMoTKams B, Hy v Hy (puc. 2-12,6 (I)).

/]

wo| g .
1393 3]%
o | 2 '
[ |7

(1} (3)

Puc. 2-12. Cocrapiiende CxeM 3aMelleHHs ABYXoOMOTOYHO- -

ro TpascopMaTopa IpH pacilielfieHHE OOMOTKH HH3ILerc
H2rMpsAXXEeHHA HA Ape H TPH LENH. ]

a — paculenyenHe o0MOTKM HHSLIeroc HanpseRws opHodassoro ()
H KamzoH daewm Tpexdasworo (2) tpanchopMaTOopa HA ABe Uenw;
6 —cxesw samelnends TPH pactlensienust OOMOTKM HaNpRKeHns
B2 OBE K FDM UEH,

UXEMa 3ameLIeHHs NpecTas/isieT coboH TPeXayueByio
apespy. [Ipu opuHakoBeix nensix H; u Hy:

Zy-gy  Zpac
gy =Ly = mz m=—"—'—‘2ma

rae Zpacm — CONPOTHBJEHHE K. 3. MeXAy ABYMS llensimp
paculenyieHHoli 0OMOTKY (CONPOTHBJIEHRE PACINEILIEHHS).

Iapamerpnt cxembr 3ameiledust no puc. 2-12,6 (1) mo-
ryT GbpiTh BHIPAKEHH Yepes BPHBOAHMOE B KaTalOlax Mex-
AyoOMOTOUHOE CONpOTHBJIEHHE K. .3. TpaHchopmatopa Zzm
(ckBo3HOE compoTuBJeHEe no puc. 2-12,6 (8)). Ilocnessee
BrIpa¥<aeTcs yepes mapameTpel CXeMH O %uc 2-12,6 (1)
MpH mapaljelsHoM coenuHeHuH Tovek Hy n Hy:

Zpan,
4

Torpa pacueTHmie Bripakenysl OJis1 CONPOTHBJEHHH BET-
Befl cxeMbl Ko puc. 2-12,6 (/) Moryr OwTh nIpencTaBJieHb!
B clefyloneM Buie:

Zp&cm

Zy=Zpy—~—g— = (1 — %‘p") Zog; (2-41)
b, ;

Zy = Zye = "2_ Zgus

Znﬁz Zp

Zpacu
roe ky = —-Zw;—-—xosq:r{)mem paclier/ients.

B opsodasHoM aByXo6MoTouHOM TpascopMaTope
(puc. 2-12,¢ (I)) oTAeNBHEE DenH paciliellyieHHOH O6MoT-
KH PAaCTOJOMCHE HA pasHblx CTepskdsx. IlosTomy OHH
[BPaKTHYECKH HE HMeIoT oOIHX Nodedl PaccesHHs, BCNEACT-
BHe YEro rpyniry oOMOTOK Ha Ka)XKiO0m CTepXHe ofiHo(as-
Horo rpancopmaropa puc. 2-12,a (f) Momuo paccmaTph-
BATh KaK OTHesbHBE TpaHcopMaTOp. STOMY YCIOBHKY
cooTBeTCTByeT £p=4 H cornacHo (2-41) B cxeMe s3aMeie-
HHa puc. 2-12,6, (1)

zpg=0; }
Zy = 'Zyp == £3pgy-

2. INpr Tpex paclielleHHHX Uensx 0OMoTKH gH3NIEro
HampsikeHHss JBYXOOMoTOWHHIH TpaHchopMaTOp MoKeT
6uTb NpeiCTaBleH cxemoli 3amelllenms puc. 2-12,6 (2).
Ilpy opkHakoBux Uensx Hi, Hy u Hs:

Zpagu

zﬁl=zﬂ=&zus= gk

(2-41a)

rie Zpaem — CONPOTHRJEHHe MeXAY AByMA MOObIMH lens-
MH pacilenfieEHOH 0GMOTKH.

Ananorpgpo (2-41) ana paccMaTpHBaemoro cCuydas
(prc. 2-12,6 (2)) Mo¥kHO Hanucathb:

Zpac ky
z,=zm_-6—“‘= (1 — &) Zus
ky
Zyy=Zyg =1, =sz-

(2-42)

Oas omrodassux tpaHopOpMaTOpPOB C MArHUTONPOBO-
[OM C YETLIDLMS HJIM DATHIO CTEPIKHAMH, Ha TPEX H3 KO-
TOpPHX PACHONOMeHH TPH YaCTH paclienyieHHOR 0OMOTKH
HH3Ilero HanpsXeHHs H BKJIOYEHHBle NapalulesibHO TDH
wacTi OOMOTKM BHICHIero Manpseuus, kostduumenT pac-
LIenieHus &y ==6. {

Tlpu stom pas cxemm pre. 2-12,6 {2) ® cooTmeTcTBUM
c (2-45) TONTYYHM:

Zy=0; 1

Zyy = Zyy = Zys = Blpy. f

Takum obpasomM, TapamMeTphl Cxembl 3aMelleHHs IO
puc. 2-12,6 (I) m (2) nna onnogasHoro Tpanchopmaropa
ONpeAeAslTCs] MO 3aJ4aHHOMY B KaTallore CONPOTHBIe-
HHIO Zpx.

(2-422)
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3. Cnenyer OTMETHTB, 4TO paccmaTpusasi oGobuienso
pa36uBKy OOMOTKM HM3LIero HanpsiKeHHs ABYXOGMOTOY-
Horo TpaHcdopMaTopa Ha m uacTedf, MOXHO TNOJY4HMTD
(2-41) u (2-42) uz Gosce oGiux Beipaxenui [42]:

Zsac ky
Zo=Zw—"gp = \! ~om) o
(2-43)
: zpacm; ke
z‘i! = zﬂz = .. .= Zum :'—“2_ :«—2— ZHH‘

Ipu stom Ansi oAHO(A3HLIX TPaNCYOPMATOpPOB C pas-
MellleHHeM OTAeNbIBIX Ieneil pacilenjeHHoll oOMOTKH Ha
Pa3HBIX CTEePIKHSAX:

by =2m;

(2-43a)

-zpacu.:r. == g'nzl)il‘

6] Tpexdhasublii AsyXoEGMoTouHbIH TpaHcopmaTop
¢ pacujenneHHol oBMOTHON HM3WEro HanpseHMs

B Tpexdasybix TpaHc(opMaTopax ¢ pacuienyenHeM o0-
MOTKH HHM3LIEro Hanpsi>eHusi Ha [BE HENH MocJeJHHe pas-
MemaloTcs opHa Hap apyroi (puc. 2-12,a (2)) Ha oObllem
CTepIKHE COOTBETCTBylollelt ()asel. B 3Tom ciyuae kp=3,5
[42]. Comporusnennst cxemul 3aMemienusi puc. 2-12,6 (1)
cornacto (2-41):

7. =0,1952, 1

Zyy = zzlz = 1,75Zgy- f

Hns tpexdasupix ABYyXOOGMOTOYHBIX TpaHc()OpMAaTOPOB

€ TpeMsi OTHENbHEIMH LeNsiMH pacilleryleHHoit oGMOTKM Ko-

ahduurenT pacllendielnsi kp MOJKEeH OBITh NMPHHAT Ha OC-
HOBAHHM 33aBOJICKOIT MHQOPMALINH.

(2-416)

e) OpHoasHbli TpexobmoTouHbli TpaHctopmarop
€ paclyenneHHoN oBMOTKOMN HHM3WEero HanpAXeHMA

1. Ilpn apyx paclicruienHslx uensix (puc. 2-13.,a)
TpaHcopMaTop MOIKCT OBITH MPCACTABJICH CXeMoil 3amelle-
M MCXOMsI M3 CXCMBI 4CTBIPCXOGMOTOYMHOro TpaHCQopma-
Topa no pHc. 2-10,6, eciu B Hell yYHTHIBATH NPpHMEHHTC b=
HO K paccMaTpHBaeMOMYy CIy4alo

Zys=Zyy; l
2233

[Tosyucunas npu sToM Ccxema 3amellleHusi HaHa Ha
pnc. 2-13,6, xotopass orimuaercs $oJlee NPOCTHIM BHIOM,
geM cxeMa Ha puc. 2-10,6, M XapakTepH3yeTCHs YeTHIPEMS
HeO/IHHAKOBBIMH BETBSIMH H3 MMEIOLLHXCS NMATH BeTBeH.

[Tapaverpel cxemsl 3amelienuss no puc. 2-13,6 soiBe-
nenst B npuaoxenun 2I1-3B. IpeoGpasyem COOTHOILEHHSA
oA napaMeTpos cXembl no puc. 2-13,6, yuutuiBas, Yto le-
JiecooOpasHo MX BHIPA3HTDL Yepe3 MexAyoGMOTOuHBIE Compo-
THBJICHHs1 K. 3. OOBIMHOrO TPpexoOMOTOUYHOroD TpaHc(opMaTo-
pa Zpe, Zrn M Zon. TloacTapissi B COOTHOLICHMST NPUIIOIKE-
uug 2I1-3B (2I1-70) —(2I1-72) u (2Y1-68) saBucmmocTH:

ZB H].:Zn gg-:Zn 5—1—6)'2;

(2-44)

24° /

Zowr=Zcngz=Zcn-}C /2, (2-45)
noJjiyyaem MJIs CXeMel no puc. 2-13,6:
a=0,5 (ch—l—znnl—chl)=0,5(ch'—f—-znn—|-cf2—
‘—zcn'—C)'z)=0,5(znc+Zgg—-zcn)=Zn: (2-46)
b=0,5(Znc—l—Znnl—Zsm)-——0,5(235—1-2.,,—{-6,?2——
—zna—cf2)=0,5(ch—[--zcn'—'zzn)=zc; (2-47)
¢=0,5 Zn1—ng; (2-48)

k=0,5(Zsnz-Zex1—Zar—ns—Znc)=0,5(Zpx1

+cl2-{—'ch+Cf2—2C—25c)=ZK‘-—Cf2. (2‘49)

Hy é)

Puc. 2-13. Coctapiende cxeMmbl 3aMellleHHs OfHo(pa3Horo
TpexoGMoTOuHOro TpaHcopMmaropa NpH pAaCUIENICHHH 00-
MOTKH HH3IIEro HANpsAMKeHHs Ha [Be Lenu.

@ — pacillenjicHHe o6MOTEH HH3LIETO HANpPAMEHHA
TpaHcdopmaTopa Ha ase IenH; 6 —cxema 3aMellCHHA TNpH  pac-
LIEMJIeHHH OOGMOTKH HH3LIEr0 HamlpsAMeHus Ha ase ienH (B CKoG-
Kax p[aHbl oTJHHYAaKMIIHeCH 0603HANECHH S, NPHHATRHIC B CXE€Me 1o
pHe. 2-10.6); 8 —zaMellcHHe Kaaoi H3 npyx rpynn of6MoTOK Ha
pHc. 2-13,¢ 3peanoi.

onHodazHoTo

B (2-46)—(2-49) Zp, Zo ¥ Za— CONPOTHBJICHHS 5K-
BMBAJIGHTHOH 3Be3flbl HEPACILeNJIEHHOro TPexoOMOTOYHOro
TpancdopMatopa; Zaj—mz — CONPOTHBJEHHE MENKAY NBYMS
LenamMy pacuienjeHHol of6Morkm puc. 2-13,6 (conpoTusie-
HHMe pacienienusi). [ns omHo}asHEX TpaHChopMaTOpOB
conpoTtHBJNenHe Zgj—ps MONXKET OHITh BHIPAXKCHO Yepes co-
NpPOTHBJICHHA TpexoOMoToUHoro TpaHcgopmatopa Ges pac-
IIeNJIeHHs:, HCXOAS H3 CJeyIoLLero.

Ins onHogasvoro tpaHcopMaTOopa ABe LenH pacllien-
JIeHHoH OOMOTKM PpACHOJOKEHH Ha pasHbIX CTepIKHAX
(puc. 2-13,a), B CBA3M C YeM NPAKTHYECKH OHH HE HMMEIOT
ofmux noxnel paccesius. JTo No3BoJseT paccMaTpHBATDL
TpeXoOMOTOUHBIH TpaHC)OPMATOp C pacllienJieHHoOH Ha /[Be
yacTH oOMOTKO# B BHAE HABYX 3JEKTPHUCCKH CBsI3aHHBIX
rpymn o6MOTOK, Ka)Aasi U3 KOTOPHIX NMpPeICTaBliena B BHJIE

3Besfbl, Kak mnokasano Ha pue. 2-13,8. YuuTeBas, uTO
B cxeMme no pHc. 2-13,6

zm _—— ZB! =27

Zoy =2z =2Z¢; (2-50)

Zyy = ZH! A 2zﬂl
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Taknm ofpasoM, no (2-46)—(2-51) omnpepensoTen vce
napaMeTPe! CXeMHl 110 puC. 2-13,6 nns omnodasHoro TpaHe-
dopmaTopa ¢ pacuienienneM oGMOTKH HHSIIErc Hamlpsize-
HHSL HA JiB€ LenH.

2. Ina opnotasmoro TpexobmoToanore TpanchHopMaTto-

pa ¢ paciienJeHneM OOMOTKH HH3INETO HANPSIKEHHd HA TPH

LENH MoOMeT OBITh [OJIyYeHa CXeMa 3aMelleHMA [0
pec. 2-14,0. Fimerorca B Bupy opmodasnnie TpancdopmaTo-
PBl ¢ MAarEHTONPOBOAOM C HeThipbMsI HJH MNATHIO CTEPHSA-
MH, H2 TPeX H3 KOTOPHIX PaCNOJOXEHBI TPH YaCTH paclieil-
JIEHHOH OBMOTKH HH3LIEro HANPAXKEHHST H TPH YacTH O6-
MOTOK BEICIIEr0 H CDENHEr0 HANDAXKEHHS (BR/NOYEHHEX
napastesbHo).

Hapamerpsl cxeMBl 3amelieHns pHc., 2-14,0 BeIpaXawor-
Csl Wepe3 CONPOTHBJAeHHs HepacliemieHHOre TpaHcdopMaro-
Pa, UCXONST M3 COOTHOLIEHUT:

2
zmu=zm=znm=zm+‘§“¢;

9 (2-52)
Zcm=zmn=zcna=zcn+_3"c- '

. Compornsnennsi 06MOTOK BHCUIEr0 M CPeJiHErC Halps-
Ketni B cxeMe Mo pHC. 2-14,a COXpAHSIOTCS TAKHMH e,
XaK B TpaHchopMaTope Ges pacllenvienusi (a=Zw; b=Zc).
Conpornenienne k B cxeMe no prc. 2-14,a onpenenserca Hs

COOTHOIEHNST
k=Za—c/3, (2-53)

rae Zy-— cOnpoTHBNEHHE OGMOTKH HHSIIETO HaNpPIMKEHAs
TparctopMaTopa Ge3 pacuienJeHns.

Conpotueyienns paciienyiennsi Zaj—ms, Zgs-ans H
Zay-Zgzs MOTYT GHITb BHIPAXEHB AHAJOTHIHO (PEAbILYLLE-
My Yepe3 CONPOTHBJIEHHY HepaCliemuicHROTO TparchopMaTo-
pa. Lnst 9TOr0 COCTABASETCS CXeMa Mo pHe. 2-14,6, B KO-
TOpOH Kanas rpynsia OGMOTOK NpEACTAaBJIfieTcs B BHIE
sBe3fEl. YuuThHBas, YTO B cXeMe no pue. 2-14,6 npH cum-
METPHYHOM pacllenNenty:

Zy = Loy = Zgy==3Zy;
Zoy=Zoy =LZoy=138Z¢;
Zyy == Lyg = Zyy=3Zy,
MOXHO TIOJYUYHTL AN COIIPO‘!‘HBJ'I&EK'H pPacmenysHns
Lyymye = Zam-ﬂa e zm-m == ZZ“, +

2Z - 22y 7.7,
+§—(Z:+_Z£;3“6(zﬁ+ﬁ‘)=2c. (2-55)

(2-54)

3. CrenyeT OTMETHTB, 4YTO CXEMH 3aMELICHMA [0
puc. 2-13,6 u 2-14,6, B KoTOpHX OnHOdazxHe TPEXOBMOTOU-
Hele TPaucGOpPMaTOPH € PacInenJeHHoH HU3KOBOJLTHOR 06-
MoTKOll fIpeACTaBJIeHB! CBASAHHLIMH MEXAY COBON HBYMs
TpEMsT TPYnNaMy oOMOTOK B BHAE 3Besfibl, MOTYT OLITH He-
TIOCPEXCTBEHHO HCTO/NB3OHAHE B KaYeCTBE CXEM 3aMelleHHs
TPexoOMOTOUMEIX TpaHchOpMaTOpOB € paciiensieHHoll o6-
MOTKOH HM3LIEr0 HAUDSINEHMA Ha HBe M TPH YACTH; OXHAKO
B TAaKOM BHIE CXEMH HECKOJLKO CJOMKHEe, TeM CXeMH MO
puc. 2-13,6 u 2-14,a.

Tlasi onHOasAHX TPEXOGMOTOURBIX TParCHOPMATOPOB
C pacuienyieHHeM HA J(B€ 9aCTH KaK OOMOTKHM HuSIIeTO, TaK
# 0O6MOTKH CPEAMEro HanpsXKeHHA TPH PAcNOJOKERHH rpyi
OOMOTOK H2 OTHENBHEIX CTEPIKHIX MOMET GHTh WCIOMH3O0-
B2Ha TXeMa SaMelleHnA 1o pHe. 2-13,8 NpH paskelHHEeHHH
B el obeux wacreit OBMOTKH CpexHero HanpsiKenws.

3—156

Zyy Lys

Hy Hy ) Hz

Puc. 2-14. Cocrapnenne cxeMml saMelleHHs opxsoasHOro
TPeX0O6MOTOYHOFO TPaHnCHOPMATOPAa NPH paclienjesHn oG-
MOTKH HH3UIEr0 HANDSAMKEHHS M2 TPM LENH,

a— cxemMa saMeNMleHHs npH paclleffieHHH oO6MOTKH HHSIIEro Ha-
npsxxeHHs Tpanchopmaropa Ha TPH LenHd; 6 — saMelleHHe KaMaoh
H3 Tpex rpym o6MoToK TpaHchopmaTopa smesmoff.

st TpexcdhasHHX TPeXOOMOTOUHHIX TpaHc(opPMAaTOpPOB
HeODXOAMMO COTNIPOTHBJIEHHE paciUeTUIeHHs HPHHATh Ha OC-
MCBAHHH 3aBOJACKON HH)OPMAUHH MJH 3KCIEPHMEHTA.

Pacuer napameTpoB MHOI0OGMOTOYHOrO TpamchopMa~
TOPa WHMIOCTPHPYETCA NpHMepoMm 2-2,

B. M-obpasHas cxema 3amMeLLeHHs NPSIMON.
(o6patHoit) nocneposarensHOCTH
TPpaHchopmaTopa NpH COXPaHEHUH
OTAENbHBIX CTYNEHeH HanpsXeHMs

1. Takas cxema saMewmieHHs TpanchopMaTopa Mo3BO-
JHeT NOJYYHTH NPH pacuerTax K. 8. HaTypasibhme (nehcr-
BUTEJBHBIE) 3HAYEHHS TOKOB M HampsiKeHH® HA pasHBIX
crynedsx Haupsikenns. Kax ommeweso B § 1-4, npu Takom
npejcrapliielHn TpaHchOpPMaTOpa B CXeMaxX 3aMelleHHs Ie-
peKoueHne OTBETBJEHHR AJS peryfiHpOBaHHS HaNpAXKeHHH
CBASAHO C H3MEHEHHEM COTIPOTHBJGHHE TONBKO TpaHcdop-
MATOpa TMPH COXP2HEHHH HeHSMeHHLIME CONpOTHBJEHHH
ADYrHX 3JIEMEHTOB CXeMbl. B T0 ke BpeMs OpPH COCTasJe-
HHH CXeM 3aMelleHHs] NyTeM NPHBEJEHHS BCeX JIEMEHTOB
K OfHOH CTYMeHH HanpsAXKeHUs Npefcrasisercss Heobxomu-
MEIM NPH NEPEK/MIOYEHHH OTBETBJEHHH Tpancdopmaropa me-
pecueT CONPOTHBJIEMHI! MHOTHX SJEMEHTOB CXEMB! 3aMeLie-
uust (CM. npaMep 1-3).

2. Ina cocrasnenns Il-oGpasHoil cxemm Tpauchopma-
TOpa HCXOAHM 3 cXembl puc. 2-15a (I) (nupn npeneGpe-
HEHHH TOKOM HaMarBHUHBaBHs) C CONpOTHBJEHHeM Zz,
NPHBENEHHEIM K CTOpPOHE 2, u Ko3dduimentom Tpancdop-
Maupn kr==Usg/U\x. -
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Puc. 2-15. Cocraeaerne [1-o6pasHex cxeM samelleHHsi TpaEcdopmaropa.
o — HeXOHHa® CXeMa AR ABYXoGmoTousoro (f) m tpexobmotosHoro (2) tpanchopmaropos; & -—TI-¢GpasHan cxema SaMellSHHES JJf
BBYXOOMOTOUHOTO TpaHothoDMATOPa; 6 — NpeACTABIeHHe TPeXoBGMOTQUHOrQ TparchopMaTopa ARYMA JABYXOOMOTOUMBIMU ThaHCHODMATODAMH;
2 — gamelieEHe TpexobuorouHoro TpakcdopMaropa meyms TT-0GpasHbLiME cXeMaMH.

Huast cxemet mo puc. 2-15,2 (1) wmoryr 6ETh cocTasie-
HH cAelyiolnle ypaBHeHHs [27]:

dy= 1",,[:', e Y:lz&e: }
. ) 2-56
f: =Y,U, — ¥YaUps ( }
Tie
)
Yu = Z_:;
: 1 .
ol s (2-57)
ky
Y!k = T -
IMTpeobpasosabsem (2-56) nonyenm:
II. ={Yu '_le]"l}‘l +Yy, (l-.): "‘"L.’a); }
3 4 A (2-58)
Iz =Yio Uy —Us) = (Va2 —Yi35) Us.

Brpaenusn (2-58) coorBercTByeTr txema 3aMeleHus

no puc. 2-15,6, ne comepwaias Tpauchopmanmit. Takasd -
CXeMa 3aMeleHHss MoXer OHTh HCHCJb3OBAKA IS MONY-

YEHHST HATYPJBHEIX TOKOB Ha [BYX CTOpOHaxX Tpaucdop-
MaTopa. .
Cienyer oTMeTHTh, UTO 3KBHBafeHm™Has Il-ofpasuas
CXeMa XapakTepHSYeTCs TeM, UTO CyMma CONpOTHBJAEHHI ee
BeTBEHl paBHa HYMO («Pe30HAHCHEI TPEYTONLHHK»), & mo-
TOMY. TaKas CXeMa He wMoOxer OwThb IpeobpasoBaua

B 3303}!}}’. . .

3. Tpexobmorounsdi Tpancdopmarop (asrorpancop-
Matop) mo puc. 2-15a (2), cocrosmmfi ¥3 moeanbHOR
Tpaa{ccpopua‘rognoﬁ CBSISH MEKIY TPEMA CTOPOHAMH M CO-
UpoTHBNEHHHA Zu4, Zoz M Zra, KAIKIQE W3 KOTOPEIX NDHBE-
HEHO K HEuDsIKGHHIO CROeH CTOPOHH, MOKET ObiTh Npej-
CTapJieH IBYMs TpaHCHOPMaTOPHEIMH CBa3siME (pHe. 2-15,8).

OZsl U3 TAKOTO HpeACTaBJeHHsT TPexoGMOTOTHOTO TpaHc-
¢dopmaropa, moXKer CHTH COCTABJeHa SKBHB2JCHTHAS CXC-
Ma saMeuerusi no prc, 2-16,2, comepmaman coserante AByX
g-oﬁﬁasﬂux cxeM mo pHe. 2-156 m compormBaexue

T3 '

psze chydaes AJiA TPeXOOMOTOUHEIX TPaHC(HOpMaTo-
poB conporuBnenue Zry WaH Zp2 (pue. 2-16,0 (2)) moxer
OKa3aThCs PaBHBIM HYMI0 HAH O9eHb Mado. B sTHX ciyda-
SIX JLAs. COCTaBJEHHMsI CXeMbl 3aMelleHHs pre. 2-15,2 moryr
GHITh BBENOHH JIBA DEBHHX CONPOTHBJEHNS JHOGOrO SHaue-
HEA Pa3HBX 3HAKOB, OAHO H3 KOTODPHIX HCHOMB3YETCS AJIA
cocTapnenust I1-06pasHcA cxemr, a BTOpoe NOMIKHO YUH-
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TEIBaThCSI KaK BHelUHee CONpPOTHBJEHHe cxeMel. B paccmart-
pHBaeMOM cChy4ae MOXKHO TaKXKe NPHHSTH [pefcTaB/eHHEe
TpexobuoTodnoro Tpapchopmaropa Il-o6paskbiMi cxemaMu
saMeleHus 1o puc. 2-15,2, BEMOJHEHHEIMA TakuM olpazoM,
4TO B Ka9eCTBE CONPOTHEMAEHHS Zrs, HE Y4YaCTBYIOMIETO
B I1-o6pasHelx cxeMax saMemiohus, Obio O IIpHHATO yKa-
saHHOe CcoNpoTHBISHHE TpancopMaTopa, (MH3KOe K HYJH.

Tpencrasnennbie Ha puc. -2-15,6 U 2 cxeMut Tpanchop-
MaTOPOB HUCTIONLSYIOTCH B CXEMaX 3aMeleHUs MHPSMOH 1
obpaTHOl TOCNENOBATENLHOCTEH, TIpHYeM NPHHAMAECTCsSI 3a-
MEHd COeHHeHHH OOMOTKM B TPEYTOJNBHHK COEJMHEHHeM
B @KBHBAJEHTHYIO SBESAY.

I'. Cxembl 3amelyeHnsi HYneson
nocnefoOBaTenLHOCTH TpaHtPopPMaTopoR

1. IIpr sambiKauysgX Ha SeMII0 B OfHOH TOUKe IHp-
KyJNALHST TOKOB HyNeBOH NOCJeNoBATENLHOCTH [OM BIHAKH-
eM HAupsKeHEMil HyJeBoH IOCACAOBATESRHOCTH B QCHOBHOM
onpejensieTcsl £LxeMaMy coennHeHEli ofMoTOK TpaHcdopMa-
TOPOB H 3aseMJeHHeM HX HeHTpanei,

Kak y¥e ortMeuasoch patee, B WHHKEHEDHHIX pacuerax
TOKOB K. 3., CONPOTHBJEHHE MIPSIMON HOCHEAOBATENLHOCTH
TPaHC(OPMATOPOR ONpefeNsercs NPH npeHeOperKeHHH To-
KOM HaMaCHWYHBAHHS BBHAY MaJOCTH mnocaesHero. Jlas
TPynnbl M3 Tpex ofHO(pAsHHX TpaHcOPMATOPOB TOK Ha-
MArHM4YHBAHUA He 32BHCHT OT TOTO, Kakasl CHCTEMZ Halps-
JKeHHH moApeieda K rpaHctopmaropy. Ilpaktmueckn 31O
clipaBefAIHEO JJis TPeX¢asHHX Tparc(opMaTopos C YeTHph-
MH M NSITHIO CepyleuHuKamH. Tlo9TOMY JJi TakuX TPaHC-
(opMaTOPOB TiPH OHpeJie/ieHHH COTIPOTHBJCHHS. HyJeBOH Mo-
CJefIGRATENLHOCTH TaKMe MOIKHO HpeHeCpeYh TOKOM Hawmar-
HHYHBAHHH.

B TpexdasHex TpexcepAeuHHKOBEIX TpaHC(hopmaTopax
MariHTHblE IIOTOKH HYJeBOH NOCIEHOBATENBHOCTH 3aMBHIKA-
I0TCA YePe3 H30MHPYIOIYIO CPENY H KOXYX, XapakiepHsy-
IOIHecs] BHICOKHM MArHHTHEIM COTpoTHBJeHHeM. Ciemoba-
TeJBHO, B 9THX CIYyYaax peakTHRHOe COUPOTHBMAeHHe HaMar-
HUUMBAMHS HyJeBofi MOCAEJOBATEJLHOCTH OTHOCHTENRHO
MeHbIIE H BO3HHKaer Boypoc of ydyeTe ero B cxXeMe 3ame-
menun TpaEcopmaropa. B mpunoxkenun 2I1-4 npweenens
SHAYEHHSI COTPOTHBJEHMs HYJEBOH NOCHeLOBATENHHOCTY,
NoJyyeHnApe A8 pala TpancdopMaTopoB 3aMEpaMH B SHEp-
rocscTeMax. [Ipx OTCYTCTBHE HeOGXOAMMEIX AAMHEIX MOMKHO
C HEKOTOPbIM IHPHGAHMEHHEM NPHHATh ANA TpexdasHux
TpanchopMaTopos Zir==(0,85—0,9)Z«x. Nast Tpexcdasuux
aBToTpaHcOpMaTOPoB COMPOTHRMACHHE Zgy AOMIKHO. IPHIH:
MATHCS HA OCHOBAHHH 3aMepos.
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Prc. 2-16. CoemmHennst OGMOTOK TpanchOpMaToOpOB M CXe-
MH 3aMellleHHs HYNeBOH NOCIeNOBATENLHOCTH.
Mpumeganusn: 1. Cxema 3amewmenus no phe. 2-16,2 coor-
BETCTEVET CXemé SaMelleHHs NpAmMoll TocAeNOBRATENRHOCTH Mo
puc. 2-10,6. 2. Cxema sameuiéHus no puc. 2-16,0 cooTBETCTBYET
Cxeme 3aMEIeuHs npamol NocnefoBaTeNBHoCTH mo PHE. 2-13,6.
3. B cxeme puc. 2-16,e Z,,, Z', ¥ Z'pq-— CONPOTHBNEHHA SKBHBA-

nentHON 3Be3nnt aBTOTDaHChopMarcpa, NMpHBéjeHHuie K ofiMoTke I.

2. OcHoBHEIE BapHAHTH coeluHenui 0OMOTOK Tpexdas-
HBIX TPaHChOPMATOPOB H CXEMEl 3aMeLieHHs HX B HYJNeBol
HoCJenoBaTeNibHOCTH, COCTaBNeHHbEe MPU Heyduere BeTBH Ha-
MariHYHBAHHA U DPH NpUBENEHHH BCeX s/AeMeHTOB K CTY-
NeHH HanpsIKeHHMs nHTalomed of6morky I, namsl Ha
puc. 2-16. B npuBedeHHEEX CcXemMaX OOMOTKH, BRIHYEHHHE
B TPEYrONbHHK, SBJAAIOTCH KOHeYHBIMH 3JIeMeHTamH, 10 KO-

TOPEM OPOTEKAIOT TOKY HYJAEBOH NOCAENOBATENbHOCTH, HE

BEIXOJS 32 TIpefensl 3THX 06MOTOK. -

B cxemax wo puc. 2-16,6, 2 4 @ uenp ofas TOKOB K. 3.
HYJIEBOl NoCTeNOBATENEHOCTH B OOMOTKe 2 HMeeTCs JIHMIL
OpH HaNHYHM 3a3eMJIEHHEIX HeHATpanieft B IpHMBIKamLleH
cucreme. B cxeme no puc. 2-16,¢ noxasaHo BRJIOUEHHE CO-
npoTuBAeHust Zy B HelTpasb nuraomell o6MoTKH I Tak Kak
yepes Befirpank TpanchopMaTopa NPOKOAHT YTPOEHHBH TOK
HYNEBOH MOCAENOBATENBHOCTH, TO NafeHHE HANPSIKEHHS
B HEM B TPH pasa 6oJibille, yeM NPH BKMICYEHHH B IIJasHHﬁ
NPOBOK, B CBASH C YeM 3T0 CONPOTHBJEHHe OTPaKeHO
B CXeMe 3aMEUIeHHA comporhenexuem 3Zy.

Ha puc. 2-16,2 nokasanm werhpexomBOTOUKEST TpaFic-
topmaTop c BrimovenHem o6MoTok Yof/Yo/IAJA u ero cxema
SAMEINeHHs HYNEBOH NOCNeLOBATENWHOCTH, COOTBETCTBYIO-
mast CXeMe 3aMelleHHsT TPAMON [OCAeNOBATENLHOCTH NO
puc. 2-10,6.

Ha pre. 2-16.0 nokazana cxema BKNIOYeHHS TPeXob-
MOTOUHOrO TDanchopmMaTopa € CHMMETPHUYHEIM pacIHene-
HHEM ero OOMOTKH HHSINETO HANPSIRCHHA #Ha ZBe e
C COeRHHEHHEM HX B TPEYTOJIbHHK; CXeMa samelleHHs Hy-
MIEBOH  TIOCNEROBATENLHOCTH NO pHe. 2-16,0 cootsercTyer
CxemMe 3aMelleHHsi @IPAMOH  [IOCTENOBATENBHOCTH O

puc. 2-13,6. TTockoMmKy B cxeMe SaMmelleHHs HYJIeBOR NO-

clenoBaTe/lbHOCTH IO pHe. 2-16,0 pacluensieHHble nenm mMo-

ryT 6uTh OGBENWHEHE, TO MOXHO [PHHATL CXEMY BaMelle-

HHAl KAK [l HepacUleNJIeHHOT0 TPeXxoOMOTOYHOr0 ThaHC-

dopmaTopa B BHOE 3Be3fH! € CONPOTHUBJEHUAMH Zp=a,
L‘gb H Z|[=k~4—6f2. 4

3:‘:

Ha puc. 2-16,¢ pmadel cxema BKMIOYCHHA ZBTOTpaHC-
(dopmaropa npu 3asemiieHEH ero HelTpasu uepes CONPOTHE-
neHue Zy ¥ COOTBETCTBYIOMIAsi cxema samellenns. Chexyer
OTMETHTB, uTO NOCKOJMBbKY O6MOTKH aBToTpanchopMaTopa
cBASAHE MexAy co6ofi He TOJNBKO. MATHHTHO, HO H SNEXTPH-
YeCKH, TO 3/6Ch HMEIOTCA HHEe YCJOBHS BJA NPOTeKAHHH
TOKOB HYJIEBOH ToCHefoBaTe/bHOCTH. CONPOTHBJIEHHS CXe~
MBl 3aMELIEHHS, TpHBEJeHHEe K CTOpoHe [, paBHsl:

Zyy = Zuy 4325 (1 — k)
Zyo=2"1} 3Zy (kr—1) Ry);
Zz,s: Z"rs + 3ZN~k-n

roe Zet, Z'zz B Z'rs — CONPOTABNEHHA SKBHBAJECHTHON
SBESHEl an-rorpanc(popua-mga, OTHeceHHne ¥ OOGmoTKe I,
a ky=UyfU,. Bupox (2-59) nau B [1, 27 u 28].

CnefyeT 0TMeTHTB, YTO HEMOCPEACTBEHHO H3 CXEMBl 32-
MelleHus1 Ha puc. 2-16,¢ Henn3m NOJYIUTH TOK, NPOTEKAlo-
mui B HeHTpanu. 3TOT TOK paBeld YTPOEHBHOH PasHOCTH
DefCTEHTENLHEX TOKOB HYNeBOH MOCAeJOBATeNnsBOCTH Mep-
BHYHEIX W BTOpH4HBIX uened fn=3 (Jor—Toz)-

3. Ha puc. 2-17 ppuBefieHr! CXeMbl 3aMelIeHHS Tpex-
o6mpTOuHOrO TpaHcthopmaropa H aproTpancopmaTopa npR
COXpaHeHHH B HHX OTHENLHEIX CTyneHelt wanpsmxenus. Cxe-
MHl 34MELIeHHs HYJeBOH IOCNeZOBaTeNBHOCTH OpPH NPEej-
CTARNEHHH TPeXoBMOTOUHOTO TpaHcopMaTOpa AByMs JBYX-
O6MOTOYHEIME N0 puc. 2-15,6 pgawm Ha pme. 2-170 u 6
B TOOTBETCTBHH CO CXEMOM 3amei(eHHH Opamoil nocneiosa-
TeNBHOCTH Xo pHe 2-152. B  cxeme samelleHHss TO
puc. 2-17,0 BrmoueHa B TPeyroMWHHK OOMOTKA 3, He yyacT-
Byllas B obpasopanut [T-06pazHpix cxeM, a B CXeMe 34-
mellleHHst no puc. 2-17,6 — o6Motka 2, npuuem Il-o6pasnas
CXeMa, COOTBETCTBYIOINAs SToll 06MOTKe, NPEBOARTCT K CO-
Hpﬂ'l)‘HBJTe‘HHIO ZxyfR%s (moxasaHo Ba puc. 2-17,6 nymeTd-
poxn).

4. lns cxemsl 3aMeIlEHHs HYJEBOH MOoCienosaTelbhiC-
TH TpexobmoToutioro TpakcopmaTopa (asTorpanctopw -
TOpa) TIPH COXPAHEHHH OTHENbHBIX CTYHeHU HANPSIKEeHHT
MONKeT OuHlTh ToNyueHo ZIpyroe pelesne, Kak nokasaiaq
B [27], Asis HyjeBoN HOCNEAOBATENHHOCTH TPEXOOMOTOYHO-

(2-59)

Ly Lyt by (g lops) Zys i 2= Zrg* Kysllys s Zps: 255 JZu{L j"ﬁkuzm'
b

Puc. 2-17. Coenuuenns o6Morox Tpanchopmaropa (aBTo-
TpanchopMaTopa) H CXeMBl 3aMEUleHHs HYMNepoll mocieyo-
BATEILHOCTH NPH COXpaHeHHH B HUX OTHENbUEIX CTYDeHell
HaNpsIKeHns,

Mpumeuannue. Conpornenesns Z,, Z o u Z 4 — conporie:-

JIEHHS SKBMBRNEHTHOH 3BE3Abl, OTHECEHHEle KalKJoe K CEOEMY Ha-
paAxeHH0.
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&0 rpafchopmaropa Y/Y/A, ‘B OTNHMEE OT npaMOH mOCJe-
J0BATENLHOCTH, MOXKET GHTL B 5TOM CIyuae Tlonyueiia cxe-
™A SAMEIIEHHA B BH/AE SRE3AM ¢ SJeKTPHYECKHMH CBASHMH.
‘Taxas cxema saMeleHus Jama ma puc. 2-17,6 s Tpex-
00MOTOYHOTO ABTOTPAHCHOPMATOPE € CONPOTHBAEHAEM Z
B nefirpany. CONPOTHBJEHHMA CXeMH  SaMellieBHA IO
. ipuc, 2-17.8: :

ZL] = z‘r‘l + ku (kla"' k-aa] z’rn;‘
Zyo=Zgp + kag (ke — By3) Z143
Zy3=8Zy + kyshysZns,

{2-60)

wpe Zzi, Zva H Zrs — CONPOTHBIEHHSI SKBHDAJCHTHON 3Be3-
JUpl aBTOTPaNC(POPMATOPa, OTHECCHHLIE K CBOEMY Hanpsiike-
#Ho. BaiBon (2-60) zaum B [27]. Cootsercrsyiiumu npe-
«00pasoBaHuAME cxeMa 3saMelleHus no puc. 2-17,¢ Tagme
wmoxer OBTh TpHBejleHa K BHAY BBesin no puc. 2-17,6
(upn Zy=0). Taxum 00pasoM B NpPaBTHYECKHX P&CUETAX
4PN COXPaHEHHH OTAEABHLIX CTYNeHedl HanpameHHs Moxer
‘OBITh NpHMeHeHa AJ1A AyNeBOH TIOCHENOBATCABHOCTH TPeX-
*00MOTOUHCrO Tpauc)OPMATOPa KAK cXema- no pue. 2-17.a;
TaK U cxema mo puc. 2-17,8;, ozHako nocaexusas OTHYaeT-
a1 GosplEell MPocTOTOH.

5. Crenyer oTMeruTh, 4TO JJA  ABYXOGMOTOYHOIO
TpaHCpOopPMaToPa © coefuHeHHeM o6MoTOR Y/A sKBuBaneHT-
‘uan Il-o6pasnan cxema wo puc. 2-15,6 B Hyqesofi mocie-
JlOBATEJLHOCTH NDHBOLHTCH K BHAY CXeMsl mo pHC. 2-16,a.
B st0M MOXHO YOEIHTLCSH, ECNH YYeCTs, UTO OOMOTEA,
BKIIYEHHaT B TPEYLOJbHHK, SABJAHETCA KOHCUHEM S/eMeH-
“TOM CXCGMEL

A. Cxembl 3ameLeHHs CABOEHHBIX
{pacLiennenHsix) peakTopos

1. Chpoennuit peakrop (puc. 2-18,a) comepsut ABe
BETEM € HEAYKTHBHOH CBASBIO MEXAY HUMH K XapakTepH-
3yeTca HEKOTOPHIMH OCOGEHHOCTAMH, AHANOTHIHEIMH TPaHC-
ApopMaTopar C pacmenienHoll Ha JhBe dactH oOGMOTKOM.
PesynstHpylomee CONpOTHBIEHEE CABOEHHOTO PEAKTOpA 3a-
BHCHT OT TOr0, NPOTEKAET JIH 70K B OMHOM BeTBH HJH TOKM
‘L OAWMHAKOBEIM HJ/H MPOTHBONOJOMHLIM HANDABICHHAME
Tiporexalor B O0eHX BeTBNX CABOCHHOro peaxropa. [lpm
BCTPEYHOM HanpasJEHHH TOKOB B BETBsix ofllee CONPOTHE-
JIEFHE PEBKTOPA YMEHBIAETCA, 4 DPH COBNALEHHH HANPAB-
-JIEHHR TOKOB B O6EHX BeTBSX — YBEJHUHBaeTCd B CpaBHe-
HHEH C COMPOTHS/IeHHeM HPH IipOTeKAHHH TOKA TOABKD B 0f-
:BOH BETBH peaxiopa. : .

- 2. lenecooBpasto CHABOEHHHE PEaKTOP NPELCTABJATH
¥XeMol 3ameuleHus na pHc. 2-18,6. Paccmatpusas TPH me-
A0 MERAY napamu BHBONOB a—b, b—c, c—a u npe-
WANEBAA NOOYEPE/IH0 K HHM HAMPSMENHE K. s., MOdydaen:

Jr,;--!{, Xz

K=,

a 4) b

Puc. 2-18. CocraBienHe CXemH BaMCIIEHHS CABOCHHOMO
(pacwennennoro) peakiopa.

“q — HCXOAHas CXema: (0 — CXeMa SaMeUleHRS B obmeM BRIe 8 —
XEME SaMEeHHs OPH MAPaNIesbHC BKAMYEHELIX BETBAT Deak-
pa. _
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% = g 2 e (3, A o (- ) e

(2-61)
Kpg == X - ¥g == X3 :
Xea == Xg b= Xg =Xr.
I3 (2-61) caenver:
xa=xy=(1-}-kp)xr; (2-62)

. xc=—~—-kpx;,.

B (2-61} ¥ (2-62) xr — HMHIYXTHBHOE COMPOTHBJEHHE
omHOfi BeTBH peakTopa MPH 06CCTOYEHHOH BTOPOH; Xm —
HHOYKXTHBHOE CONpPOTHBIEHHE  B3apHMO 1 Memay
ABYMS BETBAMH peakTopa H Rp-— Kos(§HuHEHT cCBA-
8M, YUHTHBAKINHF BSAHMHYI0 MELYKIHIC MEMIY BETBAMH

Xm
(-2,

ConporeRienre xqop 0o (2-61) npencraenser coGod

CONPOTHBJIEHKE PACILENCHHS CABOSHHOTO PearTopa

Xpaom=2(1-}-kp) xz. (2-62a)

[lpn mapazneysHoM BEJIONEHHH BeTBeli peakTopa
{puc. 2-18,8) crBo3HOe COMPOTHUBACHHE

1 (1 — &) x
( +;p)-":_ i 29 L (2620

Xexn == — kpXp -+

3uauenMn xr W Rp #BAAKTCA MapaMETpPaMH CABOEHHO-
L0 DEaKToPa, KOTOpHE OPHBOLATCS B Karadaore, npmu:%gno
ky=05; mpH s1oM ¥ coorsercreMA ¢ (2-62a) m (2-626)
Xpaem=8XL; Xoxs=0,25xL.

2.5. PACYETHBIE BBIPFAYKEHMA [JIf ONPERENEHMS
YOENEHBIX AKTMBHBIX M MHAYKTMBHBIX
[MPOADIIBHLIX] CONPOTMBIEHMA TPEXMA3HBIX
JIMHMA

A. JNlunmn nepepaun 6e3 rpoaczaLLMTHLIX TPOCOB
{1, 28, 29, 31 v 32]

a) JlurEs npopold—3eman [lpu onpenenenmy
WHAYKTHEHEIX COHDOTHBAEHHH TpexXthasHoM JHHHH HCXONHEIM
SIBJIAIETCH CONPOTHBIEHES JMHHH HPOBOA — 3eMJid, B KOTO-
pofi O6paTHHIM NPUBOAOM CJIYIKHT SEMIH,

Kax nokasan Kapcon (mprnoxense 2I1-8), uxaykrHeHOe
COTPOTHBJIEHHE TAKOH JNpHMi MOXKer OWTH C JOCTaTOMKOI
INA NParkTEKH TOYHOCTBIO OnpeAeseH0 KAK HHAYKTHBHOP
ConpeTHBAeRHE AByxnposofuon JmEEH (OM/®M) chenyio-
uHM o6pasom: S

D,
xg =0, 145 1g —=

“Ps.m’

(2+63)

rae Dy — skeupanedTnan roySuna pacnonoxkenns obparse-
TO NpOBOAE B 3eMye, M; oo — 9KBHBANEHTHHH panuyc
npoBOAd, YIATHBAWOWIHE HasAHIHe BHYTDEHHero MarHHTHOrD
HONA NPpOBOJA, M. s

OxsmBaneTHay 1yy6uHa pacnosoXenns oGpaTHORO
nposona (m) no Kapcowy pasaa:

A4
D, = ﬁﬁﬁ.,

tne f—aacrora Toka, papHas 50 [u; A — yneasuas mpo- !
BOAAMOCTE SeMay, 1/(Om-cm). B
. B ravectse cpenséd npomoaMMoctH sewmmn (Bnawuas
semJis) npHHEMaeTca A=10"% 1/(Om-icv).

Hpu sTom B cootercTBHH ¢ (2-64) De==035 M.

B npuGiHMKeHHHX pacdeTax TOKOB K. 3. MOXHO [pH:
RATh B (2-63)

(2-64)

Da=[m0 M.



B yrounewmmIx pacueraXx TOKOB K. 8. Welecpolipasto
TIPHHATL SKBHBANCHTHOEe paccrosHue Dy B CODTBETCTBHE
¢ AeficTBHTENBHON NPOBOAEMOCTLI0 3eMAH A B JaHHoM pah-
COHe, eC/¥ OMa CYLIECTBEHHO OTIHYEeTCHd OT cpenpell A=
=10-% 1/(Om-cx) {cm. § 29 u puc. 2-31).

SxpHBaJeHTHEN paguyc HpoBozga B (2-63) ¢ ywerom
LOBEPXHOCTHOTO 2(hderTa: ;

pa.nzkpn‘
rae &% — MeHACTBHTEAbHBI PaARyC HMPOBOAL.

(2-63a)

sbhdrtrerT £ B (2-63a) mOMer npHEMMaTsem: MR

CIVIONIHHX KPYIVIEIX MPOBOJOB H3 HEeMarHHTHOrO MaTepHANa
k=0,779, mns craneaSIOMUHHCBHX DPOBONOB COTAACHO I,

28, 35] £=0,95, a2 cormacro [31] max.craleanOMHHREBEX
. YuuTHRaH,

MNPOBOACB © JABYMS-TpeMs NoBMBaME &==082 )
uro HeGoJbllEe H3MeHenHs Kosdduumenta £ B (2-632) or-
HOCHTCJABHO Mal0 BAHSIOT HA HEIYKTHBRHOE CONMDOTHBJICHHE
MHEHR (BBEZY TOTD, 4TO 9T0T KOI(UUFEHT BXOART B pac-
YETHLIE- BEIPAXKEHHA JJIf COMPOTHEJEHHE NOJA 3HAKOM: NOTA-
pudMa), MOMHO NPAKTHYECKH HCXOJNTh H3 CPENHEro 3Ha-
werng k=0,89 (oxpyrnenno £=~A09). '
Has nwewlt ¢ pacumenseHuniMy nposoxame s (2-63)

b=y kol s

TAE W — YEC/O OOMHAKOBLIX WPOBOACB B (hase; acp — cpen-
Hee TEOMETDHYECKOE PACCTOSHHE MEXIY W NPOBOAAMH Of-
HOA' (ase;, onpefessercs YHCIOM BO3MOMKHEIX DasHHYHEIX
PaccTosuull MEXJY RBYMS [POBOJAME, PABHKM UHCAY CO-
YeTaHRit B3 @ 3JEMENTOB IO JIBA, T. €.

(2-65)

wiw—1)
— 3

B COOTBETCTBHE C STHM

w (e—1)
2

Gy 1// MPOHSBEACHHE BCEX BOSMOKHBIX Pa C=

CTOAHHH Mely NpOBORAMH OfHOR
taszssl,

-(2-66a)

TpE CHMMETPHUHOM pACIOMNONKEHHH [POBOADE E ¢hase
(Do yriam paBHOCTOPOHHEFD MHOrOYIOJIBHHKS TPH THCAE
nposolor OCoJblie [OBRYX) TNoNyYHM B  CODTBETCTBHH
¢ (2-85) r (2-65a):

IpR JIBYX LPOBOE2X B ¢ase

Ps.nngpl_ltx! :

npﬁ Tpex mpoBopax B gase

PB.T[ i "‘3 kPnﬂ' »

Np¥ YeTHpex mpoBojax B haze

Ps.n= ':p‘ kpna' Vé- »

npgqeu g— paccTosiHEe MEXAY OaMxalfBEMKE NPOBROJAMH
B aze. :

AKTHBHOE CONPOTHBJCHWE NWHHH B CXEME 3aMelleHHs
HyNEBoft MOCTENOBATENbHOCTH PABHO CyMMe SKTHRBHOrG CO-
NpOTHRIEHAS NPOBOAA rp M CONPOTHBNEHHA r;, YYNTHIBSIO-
Iero MoTepH aKTHBHOA MOIIHOCTE B 3eMJE OT MpOTEKa-
mero B Helt Toka. ConpoTHENEENHE ry; MOYTH Be S8BHCHT OT
OPOBOIHMOCTH SEMJIH H BHYHCASETCA Mo (opmyne, OM/iM:

ro=n2f-10-%, (2-66)
Ilpu =50 I'n ra==0,05 On/xm.
Taxuy o6pasom CONPOTHBJICHHe AHHAH MPOBOM — AeMas
Z1 (Om/um) BEMHCIsETCH Mo (opMyTe '

D,
Zp=ry+trs+j0,1451g m (2-67)

Prc. 2-19. Pacnionoense NMPOBOMOB OJHOLENHOR M ABYX-
nenHoll TpexdasHEslx AMEH SJEKTPONEpejaui.

4 — OpHOnenHan JHHMA; 6 — XBe Mapadfeibine AHBHH; & — OAHD-
LENMHAA JHHMA ¢ TPOCOM; 2 — OJHOUEIHAN JHHHA € NBYMS TpDoca-
MH; O — /iBe NADAANEILHEIE NWHWH € NBEYMH TDOCAM; T* — po-
cei; A, B, €, a, b, c— npobofia ARMEE STEKTpOMEpeRatis.

CompoTresieRre BSZHMOMHAYKTIHE NPOBOXOB ABYX JH-

muff npopon — seMas (Om/rM) pasmo:
D,
Zy=r, - 0,1451g 5, (2-68)
toe D — pactroaHde Mexgy HBYyMs- JAHRSMH TPOBOL —
SEMJIS.

6) Tpexdasnas ofuoLenHas NMHMHus 6ea
Tpocoe (pHc. 2-19a). Yoenewele CONpPOTHBIEHMS OT-
JAempuux das rtpexdassoh mupne B oflueM CyIae mpH He-
CHMMETPHTHOM DaCMONOXKEHHH NMPOROJOB MONYHAKTCS Hes
OLABAKOBEIMN. :

Jas yapoueyEs pacyeta BBOISTCT CpPeXHHE SHAYCHHS
conggmnﬂennﬁ. Cpezsee CONPOTHBJEHHE BSAUMOMHAYKIEH
arobolt mape NpoRofioB, HampuMep ¢ ToxkamE /. u s, MO-
wer OHTP moONydeHO0 KaK CcpefHee apH(MeTHYECKOE TPex
SHayeHwil- CONPOTHBACHAH B3aNMOHH, TpexdasHoll JH-
Hun. Takum oOpasoM, yuHThHBan (2-68), moayuaem anm
TpexdazHol Junuk mo puc. 2-19,0, OmM /rm:

)+

1 D,
Z..=T-[(ra+fo,1451g Do

i D, Dy, Yi_,
-
= g4 J0,1451g gz ; (2-69)
P

rie Dep— CpeiHee reoMeTpHIECKOE DPACCTOMINE MEMGLY
nposopame das A, B m C B cooTeeTcTe¥E ¢ puc, 2-19,a:

Dep=1/DagDscDsc - (2-70)

JIns NrHMA C rODH3OHTAJMBRHM PacTofoXenwem ¢as
{nps cEMMETDHUHOM pacnONOMEeWHN KpaltuHx (pas oTHOCH-
TensHO cpegnef)

Doy=126D,- (2-70a)

rae D — pacciosuHe MeXIy cocemEmmMy Gasamm.

ConpoTHBaexye TPAMOIl MOCTENOBATENEHOCTH Tpex(as-
Hofi OIHOLENHOA NHHWE ONPEAeNscyes, HCXOUST H3 CXEMH
1o pHc. 2-20,a NpE YCNOBEH, YTO CONPOTHB/IEHHS IPOBOL -~
seman-Zp baz A, B u C papsy ApYyr Epyry, CONpOTHBAE-
HUM B3AHMOMHAVKUHE M dpasamu A u B, BuC, Cn
A Take paBHE ADYT APYTY ¥ PaBHbl. Zy,
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Puc, 2-20. VcxomHete Cx€Mbl LA ORHOLENHHWX JuHufi Oes

TPOCOB M C TPOCAMH. ’
{1 — NPOTEKAHME TOKOE NpsMOR MoCNenoBaTeNBHOCTH B ONHOUENHO
JHHEN: 6 — NpoTeKaHHe TOKOB MY/AEBOH UOCHeNOBATENLHOCTH B Of-
HolleNHofi NHHEE Ges TDOCOB; & — CXeMa HyJesoll mnocnenosaTesb-

HOCTH JAJIA OZHOUENnHOM! . IMHHHE ¢ TPOCOM.

Tlpu atoM Oajedue Hampsiedus ya ydacree AA" (Qa-
KC( npaMofi  TOCHAEZOBATENbHOCTH

su A) or TOKOB
;EBHC 2-?0..11]: et o e ISR
uﬁgl“qﬂ: !#ZLIA-—'—ZMJ’B“}-ZM‘C:
=ZLJA—|—Z]{RR‘IA-I—ZM(I’ A=

=(Zr—ZmM a=Zsl.. (2-71)

Hs (2-71) caenyer, 9T0 CONPOTHBJAEHHE TpPsiMOfi fOCAE-
JOBaTeJBHOCTH TpexdasHoli opuonentofi AMHHE paBHO:

2y=Z1—Zmn. (2-72)

Comnporssienne o6paTioli NOCNELOBATENBHOCTH TpeX-

<passoll onHoUeNHON JEHEH Z; PaBHO CONPOTHBJCHHIO Nps-

MOl HoCJefoBaTe bHOCTH. N
Tlagenwe Hampsxecuus Ha yuactke AA7 (dasum A) or
TOKOB HyleBoit mocnenoBaTensHocTH (pHe, 2-20,6):

A-UGAA’ =ZLIA+ZMIB+ZM!0=
=(ZL+221[¢)IA=Z010. [2—73)

Hs (2-73) crenyer, 4TO COTPOTHBJEHME HYZNeBOfi no-
CAeRoRaTeNbHOCTH TPex(asHoli opmHoLenHoft JHHHE paBHO:

Zo=Z :,-}-22 M. (2-74)
Tlpn noncradoske {(2-67) u (2-69) B (2-72) umeemMm,
Omfrm:

D,
Zy=12y—Zy=rg}tra+j0,1451g Ps

—
WIL

D D
—rs —-i0.1451g*5:;'=rn+fﬂ,145 lgﬁ- (2-75)

Tlpy moacramoske (2-67) um (2-69) B (2-74) umeewm,
Om fxm:

Zy=Zy +2Zpy=ryt 1,4 j0,1451g

3
Pa.n %

D
~-2r, + j2.0,1451g =rp4-0,156 4

3
Dep
. Dy
--j0,4351g ——, (2-76)
Pep

rrie rg=0,05 Om/EM H pop — cpentnii reomerpuieckifi pa-

IMyC CHCTEMBl TPeX LPOBONOB JMHWH! :
g5

Pep = V-Pa_n sz . (2-77)
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Conporusnenns no (2-69), (2-75) u (2-76), srmmc-
JieHHBE M5 YCPEAHEHHBIX PaCCTOSIRMH MEXAY NPOBOXAMH
oTAeNbHEX (a3, COOTBETCTBYIOT YCJNOBHIO OCYIIECTBJICHUS
TIOTHOTO WEXJIA TPAHCIOSHIIHY.

B) lapansenenue TpexdasHHe JAuuWHu
Ges Tpocod (cM puc. 2-196). Ilpu HecKOMBKHX
napalle/IbHEX JIEEHAX §e3 TPOCOB CONPOTHBIEHHE NPAMOH
TIOCAIE/IOBATENPHOCTH Kak IO WS JMHHEA ONpPEIeNsercd Tak
e, KaK AJA ofHOUETHOH JHHue no (2-75). ComporusieHue
BSZHMOHHAYKLMH MEMLY JIBYMS Napal/ieNsHEIME JTHHHAMMe
B CXEME NpsMOH NOCAENOBATENBHOCTH JONYCTHMO He YYM-
THIBATH.

Conporupnense HyJeBol TIOCIENOBATENEHOCTH Kaikioff
M3 JIBYX TniapajuieNbubix Jrmuti onpegensiercs no (2-76) npu
yueTe JONONHHTENLHO COMPOTHBJACHMS BIAHMOHHAYKOHM OT

' TOK2 HyJIEBOH IMOCJNEJOBATENLHOCTH HapajilelbHol JIMHEH.

ConpoTsenerye B3AHMOWKIYKINH MEXKAY MOOHIMH IBY-
Ms NapanneJbHEIMH JEHHSMH [ B I] B cxeme Hyaepofi Ho-
CAETOBATE/LHOCTH ONPEACAARTCA KaK CyMMa CONMPOTHBJEHHI
B3AHMOHHAYKUME MeXy KamAHM M3 TDEX NPOBONOB IENH
in TBEMH nposopaMu wueld [/, Hexops ma (2-69) c same-
Hoft Dep Ha Dipy H yBeawienmweM o6eMX COCTABJSIOLLMX
B 3 pasa, noayuaem, Owm/um:

Dy

Qin=0%R + Rz,

e Dyy—Cpenuee reoMerpHyeckce pPaccTOSHHE MENKMY
tasamu ueneit / u Il B coomsercrsru c puc. 2-19,6: -

Dy = ; D 4D 4sPaLpLpyPpLelcyDec.  (9-782)

(2-78)

[loapoGHee BoBpOCH ONpeNeseHus cONPOTHBACHMH NBYX
HapalnesbRbIX JHHWH B HyJIEBOH NOCJEZOBATEJbHOCTH Pac-
CMOTPEHE! HH3KE NPHMEHHTEJBHO K NAapajfiesbHEM JIHIHSAM -
C TPOCaMH.

Tlpu wieuTHIHOCTH napaieseHblx oeleli ¢ OGIMM
KOHUAMH ¥ DPOTEKauW# N0 MMM OJIMMAKOBHIX TOKOB B OJ-
HOM HANpaBAEHWM CONPOTHBJEHHE HYJCBOH NOCIELOBATEND-
HOCTH KaxX ol H3 UHX papHO:

Z'y=Zo+Zo 1 11, (2-79)
COnpOoTHBJEHHEe OGEHX JITHHIY
Z Z
szo s L} _I; OIII v {2-793)

b. OpgHa v gee napannensHsie NMHUM
nepefaun TpexcgasHoro ToKa npPu HanMuMM
rpososawmTHbIX Tpocos {1, 28, 29, 31 u 32]

Hwxe pacemarpuparorcs cilyyam, KOI/ia IpoOSOSaLIiT-
Hule TPOCH 3aseMieHbl 1IPAKTHYECKH Ha Kaxoft omope
(0Beruno gns nummi 130—220 kB). B cnysasx, korma rpo-
SOBAIUMTHEIN TPOC Pa3spesan Ha OTAeNbHbE YUAaCTKH, Kak-
Mpili W8 KOTOPBIX 3aseMileM ¢ ONIHOTO KOHOE, a C APYToro
EQHLA YCTAHOBJIEH MCKPOBOH NpOMEXYTOK, IPo6ofi KOTOpO-
TO TIPOHCXORHT NMPH MepeHanPsiKEHHAX, TPOC ¥3-8a OTCYTCT-
BHF KOHTYpPa MIJIf NPOTEKAHHS TOKOB He OKASHIBAET BJMS-
Hifl Ha HELYKTHBHOE CONPOTHMBJEHHE JWHMIA,

a) Tpexdpasnass opHOUeENnHas MNHHMH C
OfAHHM TPoCOM. B cayyasx, KOnma Trpo30saillHTHbIC
TPOCHl MHOTOKPaTHO SESEMJHIOTCH, B TPOCAX HaBOASICA
TOKH, KOTOPHIE B CBOK) OYEpPEAb BIAHAIOT Ha NPOTEKAHHE TO-
KoB B auHun. CyMMa TOKOB mpsivoll M obpaTholi wocie-
JOBaTeALHOCTH, NPOTEKAIOWIHX N0 AMHWY, paBHa MyJo; cO-
OTBETCTBEHHO TOK B TPOCE TPaKTHYECKH papeH Hymo, Op-
HAKO IPH NPOTEKAHHM No JHHHM TOKOB HYJEBOH MocJje-
MOBaTeNbHOCTH, CyMMa KOTOPHX He paBHa HYyJIO;, TOK, Ma-
BEJEHHME B TpOCe, MOXeT OHTh sHaguresex. Tpoc Momer
6LiTh TIPe/ICTABJAEH Kak HNPOBOJL ONHONPOBOAMOL JIAHHY
C BOSBPaTOM TOKA YEpes 3eMJI0,

Conpotrpaierne Hysesoil nocaefosarepEocTH Zoy OA-
HOro Tpoca - IONKHO ONpeleNaThCH, MCXO[A HS YCIOBMH,
NTO TPH SaMHK2HHAX Ha SEMJIO 4Ycpes HEero MNpoxoq™
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Puc. 2-21. Tlapamerpnt cTanpHbX IIPOBOJIOB.

YTPOEHHHI! TOK HyNes0fl NOC/el0BATeNHHOCTH (ananoryt-

HO COUPOTHBNeMMIO, BKJIOWeHHOMY B Reiftpanme TpaHcdop-

néa'ropa]. Vuureieas 9T0 M Henoawsya (2-67), moayaaeM,
M/EM:

D,
Po.7 ?
FAg rp— aKTHBHOe CONpDOTHBIECHHE TPOCE; Ps.r — SKBUDA-
JeHTHEIH pajgHyc Tpoca. ' '

Jas cTaleaMOMHHEEBOIO TPOCZ B COOTBETCTBHM ¢ yKa-
3apuamn § 2-5,A,a NpHONHIKEHRO

Zy=3r.+0,15 4 j0,4351g (2-80)

Po.r=0,9ps. (2-80a)
Ias cransueix Tpocor [1] °
t
Po.v= pro— (2-806)
anti lg 0145

THE pr — BCTHHHBIE paguyc Tpoca.
HyTpERHee HHIYKTHBHOE CONPOTHBJAEHHE Xpmyrp TPO-
<a B (2-806) onpenenserca no puc. 2-21,

ConporHsiiense BI3aHMOMEIVKUAH MeWAY NPOBORAMM
JEHUM B Zy yx oOnpeliedsercst analoruuso {2-78)
KaK CONPOTHBJEHHe BI3AHMOMHIYKIHH MeKIY TPOCOM # Tpe-
M (a3HmIMH NPOBoJaMH JHHUH NpH samene D Ha cpex-
HEreOMeTPHUECKOe pAacCTosHHe MeXy (asWLMH NpOBORA-
MH JHHEH H_TpocOM Dgn.n B coorsercrpum c pue. 2-19.6.
ITpu sTom, Om/uM: i

D
Zynr =0,15 4 j0,4351g —3— (2-81)
He

D T !
roe

Dn.1=/DpDpDen (2-81a)

lNapenue nanpsixeHus Ha | kM NPOBOJA H Tpoca
"B COOTBETCTBHH c puc. 2-20,6

Us—Upr=Zolo—Zo n.clor; (2-82)
O#ZU wle 'r—“zo n.rf a0 (2'83)

?2“:8 iZ)o. Zor 1 Zgypp onpenenarorca mo (2-76), (2-80) =

on .T’n

&
Moncraeass I;“.=7m_-— 3 (2-83) B (2-82), moxny-

Haen:
; s
Ue—Up = (z,, ] z:., ") ¥ (2+84)
OGosrauny, Oum/M,
ZE
(1 __ . OH.T
Zf0 = 7, — 7=, (2-85)
Ilpu atom (2-84) mpumer BHI:
Up—Uqr = Z{" I, (2-852)

ITpy mameusyi Tpoca TOK MYJeBOf NOCNELOBATENBHOCTH
¢asHbIX MPOBONOB BOSBPALIAETCH YKE HE TOMLKO gepes
3eMJI0, HO ¥ 4epes Tpoc, KOTOphU kak €rl oTcackipaer EHA
cea wacth ofpathoro Toka. IlpH 9ToM, Kak 5TO TaKIKe
credyer us (2-86), Hanmuue TpOCA YMEHBIIART CONPOTHE-
JIeHHEe HYJeBO#l NOCAe0BATENAHOCTH JHHHH.

Takum obpasoM, 3Has SHau€HHsA CONPOTHBJACHHIE Z,
Zor ¥ Zo ., MOXKHO YUHTHBATh BIMSHYE TPOCA B HYJeBOH
NIOCNENOBATENLUOCTYH SaMeHOR COMPOTHBIEHHs JHUuM Zy Ha

CONpPOTHBICHHE Zg" no (2-85). Ormersm, uro (2-85)

MOKHO TaKiKe NONYTHTh, PacCMaTPHBAS CHCTEMY JIHHHS —
TPOC KaK Ape WapannefoHHe JUHAM, OflHA U3 KOTOPHX
(rpoc)  oOTKMOYEHA M  3asemmeHa [B  COOTBETCTBEM
¢ (3[1-27) mpunoxenns 3[1-6].

6) TpexdasHasa OAHOLENHaq JHHHSA
¢ nByMs Tpocamy O6muf caydall CHCTEMH 7t Tpex-
g:lglsgb:x JHEHME C /. TPOCEMH DACCMOTPEH B HPHIOMKEHHM

[NpuMenuTeILHO K pPACCMATPHBAEMOMY CAyYal TpexX-
¢asuoy oIHouenHON JHHEH C JBYMA CHMMETPHUHO pacno-
JoxeHHBIMH Tpocamu T u TV (puc. 2-19,2) sKeBUBaJNeHTHOE
COTMPOTHBJICHHE CHCTEME! ¥MS ABYX NApaJIIENbHD COeIMHEH-
ELIX OJIBHEKOBEX TPOCOB corytacuo (211-98) pasno, Om/xm:

Z
zw.ss=%h]m 1,5r;+0,15 4

(2-86)

. D,
+ 10,485 1g ==
Ps.vDr ;
Cpabnusas (2-86) ¢ (2-80), momHo yOe ThCs, 9TO

_CONPOTHBJEHUE HABYX NapalielbHEX TPOCOB - MEHbIlle CO-

NPOTHBJEHNWA OIHOTO TPOCa KAK B CBASH C YMeHLIIEHHEM
B ZBa pasa coBcTBEHHOro AaKTHBHOIQ COHPOTHBJEHMS, Tax
H BCIGICTBHE VBEJHUGHHA SHaMeHaTeJNsd HOJ SHaKoM nora-
padma (2-86).

ConpoTHBIeHe BSAHEMQUHIYKOHH HyJesofl mocienosa-
TEJILHOCTH MEXJY 9SKBHBAJCHTHEIM TPOCOM M HpOBOZaMH
auHuw 0o puc. 2-19,2, mexoan us (2I1-100) pasHo, Om/[xM:

D.
Zon, 1.5=0,1564 j0,436 1g -

Dres ?

(2-87)

nprden CpeHee reOMETpPHIECKOe DPACCTOAHHE MEX]Y SKBH-
PAJIEHTHEIM OM H HPOBOAAMH JNKHMH B COQTBETCTBHH
¢ (201-101) pae=o:

it -
Drrs =/ D gD pxDnD s Dpne Dy -

PeayabTHpYIOIIee COUPOTHBIEHHE JIHHHH ¢ ABYMA 7pO-
camn ¢ yretom (2-76), (2-86) u (2-87) pasHo:

(2-88)

£l
)z —i on~rs
ZP =z, i (2-89)
B) Tpexdaarmasn AByXUenHasn JHHHSA

¢ AByMsu TpocaMmu o pHC 2-190 (aBe menH
JHHHH PpacnoJNOXEeHH Ha OAHO onope).
Dror chyualt MOXKEO PacCMATPHBATL KAK OHCTeMHl IPOBO-
noB ueneit [ u [l ymuuit ¥ cocteMy Tpocoe T, mpeacrab-
JISHARIX Kak SKB_HBaJTeHTH‘Hﬁ . TpOLC.
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Puc. 2-22. Cxemix :g.nenoﬁ NIOCENICBATENLHOCTH O/ ABYX
NapannejEHEX AHH C TpoCaMH.

Q — NBYXIENHAsA JHHHS' € COHHM TDOCOM; 6 - JiBC HADAANEBHEIE
OEHOUENHEE AHHHM € TDOCAMH, PACHONOKEHHHE Pa3MKIX onopax;
8 — cXeMa, SKBHBaJIEHTHAfl HCXONHHM CXemMaM no pHe. 2-22.a H

B coorsercTsHM ¢ puc. 2-22,a:
Uor — Vo = Zyyp Top + Zoygfory — Zoty Lowi (2-90)
Uorr —Vorr» = Zopndon + Zotndor — Zoprelons (2-91)
0 = Zgudvr — Zoyel o — Zoprlons- (2-92)
B (2-90)—(2-92) conporusnenus Tpex cucreM Zor g,

Zotr1r B Zorr ONpesensiorcs no (2-76) m (2-86), a co-
NPOTHBJACHHA B3aMMOMHAYRIIHH HyJeBofl nocileloBaTelbHOC-

TH Mexjy kamuaofi mapofi cHcTeM, T. €. Zoryr, Zoxz ¥
Zo 11 =, onpesensores no (2-78) & (2-87).
Onpenennym Iz w3 (2-92h
Z + Z
" ordot 7 orrdon : (2-93)
oTT
Ilpu nomcrasosxe fox B (2-90) ® (2-91) noayuum:
z‘ﬂ'r‘
Uor —Uprr = (zon— ; )Inr +

+(an B~ Zm}j m) Tory:

(2-94)
2
Doy — Uy = (zuniu** Zm:»“ Ion +
£,
+ (zux = zﬁl;,:m) Iy, (2-95)

OGo3naunm cobcTRennoe CONPOTHBNEHHe NHEuy |

Z‘Blr

Zorr

2 =Zyp— ; (2-96)
cobcraennoe conpoTuBichue yuny I1
Zo11e
Zg]l =Zonn— T

oTT

(297)

B32AMHOE CONpOTHBAeHHEe Jubuil I u []

z(m

ZorgZots
orir = Zopy — 2

zll"["l‘
C yuerom upnusiThx ofosuavemnti (2-94) u (2-95)
TNIPHHEMAIOT BHA:

(2-98)

UUI i 6’01" i r'ElI ng + 1 oI ZJPH ; (2-99)
0011_““ U =Tonr Z4 + Tr Z§y . (2-100)

Kax BHiHO, TPH BSauMOMHAYKTHDYIOIIHE CHCTEME! TIO
{2-90)—(2-92) nyTem HCK/IIOYEHHS HS DAaCCMOTDEEHs TpO-
COB NDABOAATCH K CHCTeMe HOBYX B3aHMOHHAYKTHPYIOLIHX
napannesbHEX JIMHHEA no (2-99) u (2-100) ¢ coBerBennb-
MH B3AAMHBIMH conpoTHBIcHHAME no (2-96) —(2-98). B co-
OTBETCTBHH C STHM HCXOAHAA cXeMa mo pHC. 2224 mpw-
BOJHTCA K CXeME NBYX BSaAMOHHAVKTHDPYIOIUHX JuuHL co-
TIIacHo ¢ pHe. 2-22,6. CxeMa 3aMelileHHsS HYJeBOH NOCJaens-
BaTeNLHOCTR C SAEKTPHYECKHMH CBASSIMH NAA JBYX napad-
JIENBHHIX JIMHUA COCTaBAseTCA No Dapametpam  (2-96)—
(2-98), xax oburio (cm. ra. 3).

Coornowerus (2-96)—(2-98) moryr 6uTL Takxe mo-
JIy4EeHEl NP PACCMOTPEHHM TPex NapaAaneNbEbX JHHRH, of-
Ha W3 KOTOPHIX OTKJIKYEeHZ H 3aSEMIEHA B COOTEETCTBMR
¢ mpuaoxenuem 3[1-6.

r} /lee napaaneabube Tpexdaswne oA-
HONEOHHE JHHHH C TPOCAMH pacloaoxeH-
HEHE Ha DPasKHBX onopax. B yrouneHsHx pacuerax
MOXKET OKaBaThCH 1LeNiecoOGDasHEIM pacCMATDHBATL B 5TOM
Cilyiae YeTEIPE MAarHHTGCBASAHHBE HETH B COOTBETCTBHR
¢ prc. 2-22,6, tak xaK o0BEIHUEHHE BCeX TPOCOB, pacno-
JIOKEHHBX HA pasHHIX ONOpaX, B ORHY CHCTEMY MOJKET
BHECTH HEKOTOPYK) HOTPEIUNOCTh B BHIIHCJEHHE TOKOB, MpO-
TeKAWNHX [0 JHTHAM.

B coorserctehm c puc. 2-22,6 naa o6mero cayvas am-
‘HHfi H TPOCOB € HEOAHMHAKOBHIMH NApAMETPaMH:

Uor —Uopr = Zon Tor + Zor velons — Zoted or — Zoyoolos
(2-101)
Ut — Uorre = Zog yifor + Zony o —
—Zorpedor — Zogrpel ot (2-102)
0= Zgi.dor + Zortlonr — [Zerrd o Zoudg i (24103)
0= Zyedor + Zorred ot — Zoenel on — Zgapolgss  (2-104)

B (2-101) — (2-104) Zgry, Zyypr w Zg,., — cobeTReR-
HLIE CONpOTHBJCHHH TPocoe T H 77 u cODpPOTHRACHNE BaaMMO~ :

RRAYKUBH MeXNY REMW; Zop, o Zop ¥ Zopyps Zgppge — co-
NpOTHBNEHUS] BSAAMOHHOVKIWH MEXAy kawaoh Aupweli w
Ka}BuM TPOCOM.

Pemas (2-103) u (2-104) oruocresrro /oo u /g, no
nygaen: :
ZorerZorr — Zotz Zowar) for +
o (Zon 2o — ZoirnZorn) fonx
T — Z’Drr’ S Zﬂ T‘I‘Zﬂ-p':ﬂ ——
Al + Ay, b
= -
(ZowaZome — ZotarZors) Tor +
ZotteZore — Zotte Zen) font -
L0t — Lorrl grys

Bl + Bl
i) 7 011 " (2_ 1 UG}

(2~105)

o




Ta6bnun a 2-4

PacyeTHsie mapaMeTps npAMoli aocreioBaTenbuocTs aummi 110—730 kB co crazeamoMpBaEnesHMH
nposonamu [41]

o N 10 kB, Do = 6w | 220 kB, Dy =8 u | 330 xB, Doy, = 1t w| 500 B, D, = 14w I 750KB, Do=19.51
npaBoia I!p%l;: > :
B e + X1 » ’ ’ 1] 1 .
i W’“‘lwnmq‘w-) Onie | G100 Ouae [o7onio-s) | O Oniac | @/t 1070y
AC-50 i |06 o045 | 805 | — —e | 20| . N T
AC-70 1 0,45 0,44 8,21 — —_ — — — — — —
AC-95 1 0,33 | 0,429 | 844 s L - I P i - =
AC-120 1 {027 |o04m| 858 | — = T o i aE
AC-150 1 0,21 | 0.416| 8,72 A — i il . — . =
AC-185 1 0,17 | 0,409 | 891 | — | - | — s | o C -
-ACO-240 1 0,13 | 0,401 | 9,03 |0,43.] 8,47 | — - e — == a
2 0,065 — — 0,309| 11,69 | 0,328 10,96 — — — —
ACO-300 1 0,108 | 0;392 | 9,27 |0,422| 862 | — g S feedy ‘W
2 0,054 — — 0,306 11,78 |0,325( 11,05 — — —
ACO-330 3 0,031 = — <ol — — — | 0,299| 11,9 — —_
ACO0-400 1 0,08 0,382 | 9,55 0,414| 8,7 — — — —_ —_ —_
2 0,04 — _ o,301] 11,97 | 0,321 11,2 —_— — f— —
3 0,026 — — _ — — — 0,298 11,99 —_ —_
ACY-400 4 0,02 — -— — I - — — -— - 0,28 | 12,7
ACO-500 1 0,065 — — 0,41 8,88 10,429| 8,5 — _ — -
2 0,032 — —_ 0,305| 11,78 | 0,318] 13,3 —_— — —_ -
3 0,022 | — o it gl s Z lo,25{ 12,06 | — -
4 0,016 - —_ — —_ —_ — -— o 0,279, 12,73
ACO-500 1 0,053 | — — |o0,403| 9,03 |0,43| 862 | — | — | = -~
' 2 0,026 e i — - 0,315] 11,4 0,33 10,9 — —
3 0,018 — — — — — — 0,293| 12,16 — J —
4 0,013 —_— — — o - - —_ —_ 0,278 12,8
ACO-700 2 0,022 — —_ — — — — 0,326| 11,01 — —
3 0,015 — — — — — — 0,291 12,25 — —
4 ool | - = — WIS N — = lo,or4l 12,95
MprMeuasne. Dcp —NpERSTHIE CPELFHE TeCMeT[HUECKHe PACCTORHNA Mewny dasavy.
Epﬂonc*ramn Top, 1 loye w (2-105) u (2-106) » (2-101) Zotr ZorterZorw — Zo112Z0rerr) +
1 (2-102), m . -
PRI monpmeil o + Zores (ZottaZornr — Zotrer Zotr)
2y A+ Zgpee B Zirn=Zynu— . i, [5 SES .
Pl S AL (@111)

+(Zm VYpastiennan (2-107) u (2-108) coorBercTs cXeMa
n nByxBasaﬁmu&amxpymmm TMEMA TO pHC. ﬁz;- 6. -
YaCTHOM CJydae, XOLN® UaPaMeTpPH OGEHX JHH
= Z@ e+ Z§Pnlows (2-107)

a -raxxcge o0oHX TPOCOE ONHHEKOBH, B HCXOMHOA CXeMe Ha
puc. 2-22,6 cnefyeT YUHTHIBATL:
Dree e ( = ZoieA + Zop1eB ) /
ort — Yo =\Zog 1 — C or + Zote = Zoytr = Zon.vs Zoppr = Zogte = Zgn o1
+( - ZonrA' + Zonor B ) - Zory=Zpeqr =Zor; Zon=Zoniny =% (2-112)
oIr I (1§
b ¥ Kpome Toro, chieayer yumrmeare Z0p = Z{f} = Z§" .

ZoteA' + Zgire B ) !
C or1 =

= ZiPul o + Ziition- (2-108)
Ta6nana 25
0 HBJEH 107
H (23%%(;1'%% % aaanmme G, . (2 ) Cpennye COOTHOWEHHA Xo/Xy 1N BO3AYIIHBIX JIHHHA
anexTponepenasH [1]

Zotr (ZotsrZomye — Zowelonear) + ;

e Xapmﬂepunm JHERE Xof X
700 z, + le-r' (‘zohthr' Zﬂ!-r' orr) (2-109) Lk
: o i : (o) 6es 8 3,5

AHOLENHASA JIMHKS TPOCO! ;
F'“‘ (Zm“"zo"’?z““"z“”“') * To Xe CO CTalbHBIMH TPOCAMH g.g

Zo 0 — » » € XOPOWO NPOBONRINHMMH TPOCAMH ,
zgﬂ =Z —_ + Zou Zorte Zoti Zors) : Jlayxuennas JuHEA 6es TPOCOR 5,6
" Lo Lopys — Zoridgpre To e co CTanbLBHIMH TPOCAMH 4,7
(2-110) > > © XOPOmIO MPOBOLSIIMMH TPOCMH 3,0

4¥



Tetdruye Z-6

HidyrmuBhsie  conponubnenus * Baidywnex s nepedess [1]

; - i Mg : | Hirdymubnoe W Diioute~
gxm Pacnonosenue  npotodol qm'g'm Yoo yened ﬁf% anfwr U yenu Hie
renvenB | (Pasmepst & mempar) Je 0dKod yent wenamu, | X Xp Xoxr | Ko lXy

25 ]
_ l‘# 1 — a408 | 1,400 — | 343

1o | 12 AC-150

25 136 35 2 Jgur | G408 | 2064 | 0668 | 505
Ly i ~ |oae | ta0 | — | 35
1a 35 3571 s 1%AC~185
% ! T K 2 680 | 039% | 2355 | 0943 | 557
25|25
lﬁéf“ ;JF PREa ! - 0407 | 1540 | — 330
220 0] 45 x ACO~
.&“I‘—:; 2 40,00 | o407 | 1943 | go0g | 478
hd
25 ) 75 1 - 0425 | 1305 — | 307
220 m 1xACT-400
2 4000 | oszs | 1914 | oBgs | 450
s o418 | 1320 | — 315
220 IXACO-400
2 50 | g4is | 2185 | gaes | 518
o
4
! - A g2 L208 -| — 415
330 2xACO-400
: 2 so00 | 038 | 1887 | 0567 | 593
: ! — 0322 | 1322 - 4
330 2XAC0-400
2 s000 | 0322 | 1889 | 6567 | 586
: 1 — | g308 | 1340 | — 435
330 = 2xAC0-300 :
T ¢ 2 404 | 0308 | 2045 | 0,805 | 6%
0,9 {{rt._s i — 0295 | r2m | — 430
s00 i i 1 3xACO-400
! i Z sopo | 0255 | 1837 | 0,567 622

fpumevanve: Ixbubarenmias amyduna Eo3EpRma MOKE <EPES SENMO BpuHRmA 1000 M

Ipe stom napametpst no (2-109)—(2-111) npEMyT
BHI:

22 e 22 Zon—2Z o1 Loy 1+ &gt
70 _ 7 ._{ onr Gn.-;J} oT on. T 0 “Orr :
0 ¢ =

'2201.' S zzﬂﬂ!
(2:113)
() 2Zon. 1 2 00 Zon— (ZPonatZo0g w0} Lo
Zot' = Zor 1 — o .

(2-114)
49 '

B OpHEHTHPOBOYHBIX pacuerax CONpPOTHBJCHHI HyJNeBON
MOCNEOBATENLHOCTH ABYX IapaicHbHEX JEuuil npr Gonb-
IIHX DACCTOSTHUAX MEXXLY HHMH MOIKHO B HepBoM npnOmd-
smerpm B (2-109)—(2-111), (2-113) n (2-114) -npeneGpeis
CONPOTHBACHUAME B3aHMOHBJYKIUMH MEXIYy TpOCaMu H
Mexkny auneliEEMM DpoBOfiaMH Kawjof Hs smHMI H TpO-
coM APYrofl NMAHH. DT0 03HaYaeT, 4TO JWIR XaxIod uen:
coGCTBERHOE' CONPOTHBNCHAE BHIHCISETCS € yIeTOM TOJBKO
npuHanexamero efi Tpoca [mo amajormm ¢ (2-96) n
(5—9’?}], a COflPOTHBIEHHC B3AUMOMHAYKUEH OlpENENseTcs
XaK A0s ciydas JByX Napa/uefibHEIX JIHHEd Oes yuera .
TpOCA. 2 :



TaGauna 2-7

AKTHBHEIE H HHAVKTABHLE CORPOTHBIEHNS OMHOLENMHbIX H EBYX napauiedbHux TpexdasHux JuHdi
A. Tpavas nocne»nomreamoc'n-

&y = rn+j0,i45]g

b. Hynesan mcuenonamnncrb

ot Owmfrm {2-75), e Dep —no (2-70), ps.n~—no (2-65)

XapaKkTepHCTHEE JIHEAM

Pacuernuie Bripaxcesws, Om/fum

Onnosennast qumust Gea

X D, , _ .
ey Zo—ra+0.15+ 0,435 1g 2 (276) Dy —1i0 (2-64); pep— 1o (2-77)
D,
Zyp=3r:1-0,154 0,435 1g == (2:80)
Onnouennas onHuM |- Z%n,n 2 D
e . 2 =2,— 7" (2-85) Zono=0,18+0,435 1g 2~ (2:81)
D,—mno (2-64); py--—n0no (2-80,a) u (2-806);
D, — 1o (2-812); Z, —10 (2-76)
Opkonermas ¢ JByms ) Z%on. 1.5 Z =0,154 j0,4351g £ (2-87)
T, ] P o B | i)
OKHAKOBLEIME TPOCaMH Zy’ =Zy— - (2-89) i f-z;n.rr.a
' Zor.s==1,5rp 4+ 0,154 j0,435 1g ——es  (2-86)
V-PELTDT
D, — paccTonnre meway Tpocamu; Zg—rno (2-76);
D;_ Dy 1, —mo (2-88)
) = 5 B
Jne napannensuee I u I/ z° O IGH 0 lg :18)
Ges TpOCOB
Zy; ;1 =0,15 4 j0,435 1g—D—l’i‘E (2-78) {Ps —u0 (2-64); pep —mo (2-77); Dy yy—no (2-78a)

Heyxuensias € peyms
Tpocamu {Rpe wemu
PacnonoyeHy Ba of-
HOf onope)

CofcTEeRERE CONPOTHBJICHHS
ZE'O Ir

z{ = Zyy —

2=

Zon -
Zorr

Bsaumuoe conporuesense

() z L ZUIT ZO!I T

Zotn = Zor 11 Tt

(170 ¢ S

(2-96) |

(2-97)

(2-98)

Zypr MO ananorun ¢ (2-86)
Zors B Zgpy o Do adanorsu c (2-87)

Zyp 8 Zopp gy —mo (2-76); Zyy yp—mo (2-78)

Jlge mnapannensueie T
u Il c Tpocamm, pac-
DONOEHHBle Ha pas-
HBIX Oropax

CoBcTpennie conporusiienns Zgy) v Z§—

no (2-109) u (2 110), Bsaumeoe compo-
TUBJIEHHE Zm 11— 0o (2-111). INpu onu-
HAKOBOM BbIOJHEEHY JkaH—Io (2-113)

u (2-114)

TIP #uvewafus |, Howepa dopuyst coOTBETCTSYIOT DpupaTLN B OCEOBHOM TexcTe. 2. VIHAYKTHBAOE CONPOTHB/EHNE TPEX NAPAMMEABRBIX JHMR
PACCUHTEIBACTCH, HCXOAA M2 YKa3aHull B OCHOBROM TEKCTE.
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B. Tpy napannenetble nuvHuWM ¢ Tpocamm M Bonee

. O6muii meroll pellleHHs CBOOHTCH K COCTABJGHHIO
- ypasHeHuk anasoryuso (2-101)—(2-104) nna cucremur s
n JMHEH H CHCTEMH H3 m TpocoB. Omnpemeass TokM 7poO-
COB H3 #1 COCTZBJIEHHRIX YPZBHEHHH H IOJCTABJAA B ypaB-
HeHHs Ji9 1 JuEMH, N0Jy4yaeM cOOCTBEHHEE H B3aHMHEE
COMPOTHB/AEFHA SKBHBANEHTHON CXeMH BHIa phHc. 2-22.6,
B KOTOpOf TPOCH MCKMIOYEERL. IIpH 9TOM AJs ABYXIUEMHEIX
Aunufi (DBe LeNH pacnovoNKeHh. Ha OAHOR onope) Npes-
. CTaBJAETCH BO3MOMHEIM CHCTEMY TPOCOB Kaxaoh AByxuern-
HOH JIMHHE NPEICTaBHTh KAK SKBHBAJIEHTHHE TPOC, aHalo-
reuno 0. B, . [laa pemenns stoh 3ajauH uenecoobpasko
HCIOJb3osate SBM.

2. Ilaa cayyaes, Korga OTAeBHEE ey pACHONOIKEHE!
HA pAasHLEIX ONOpax, AONYCTHMO YNPOILEHHOe pelleHHe, 3a-
KMIOUAIONleecs B TOM, WTo JNS KaKAOR 1ENH ONpelesercs
COGCTBEHHOE CONPOTHBJIGHHE HYMEBOR MOCNEMOBATENBHOCTH
C YYeTOM TONBKD TPOCOB, NPHHALJEXKAIIEX 9TOH lemH,
a CONPOTHBAEHHE B3AHMOHHAYKIHH BEMHCASETCH TOJNBKO MO
Eigzxitmumyxuuu AnHeAHBIX TpOBOZOB Ge3 ydera TpPOCOB

I. MNpakTtHueckne ykasarus no pacuery
NPORONBHLIX YOENbHbIX NapaMeTpPOB NWHHA

1. Ilprmepurie 3HAYEHHA YAENBERX AKTHBHMX M HA-
EYKTHBHRIX CONPOTHBIEHHA TPAMON TOCKeNOBATENLHOCTH
nas paaa numuh 110—~750 kB, sanmcrBoBaHEbe Ha [41],
npueejieHs B Tabn. 2-4.

2. s OPHEHTHPOBOUHKLIX DACYETOR JONYCTHMO YYHTH-
BaTh TOJLKG MHAYKTHBHHIE CONPOTHBJ/IGHHS H mnpexeGpeyn
AKTHBHEIMH CONPOTHBABHHSIMH JHHMEH,

Cpeanne 3HaueHHst YAE/BHHIX MHEAYKTKBHEIX CONpPOTHB-

JieHyH npsmoft TOCAENOBATENRHOCTH OHQVOLENHHX JHHUML .

npHMepEO cocTasisior, Omfr:

ons Jeeel 110—220 xB npe opHom mposode B dase
x=04, s nuuh 220—500 kB ©pm JByx OpoBoAzX
B ¢ase x1==0,32:-034, pna yumuf 220—500 kB npu Tpex
npoBoNax B ase x1=0,28--0,3.

B tabn. 2-5 paHL cpefii¥e COOTHOWIEHHS MEXKAY HH-
AYKTHBHBIMA CONPOTHBACHHAMH HYJEBOH H NPSMOH NOC/ie-
HKoBaTenpHOCTel (Xo/X1).

B T26n. 2-6 npHbefeHH HHOYKTHBHBIE CONPOTHBJCHHS
npaMoll B Mynenoif mocaelosaTelbHocTel ONA pRAA THIO-
BhIX QJHHMOYHBIX H DapasdespHux suumit 110—500 kB [1].

3. lna ynoberea monb3oBaHua maTepHaiom § 2-5 co-
crapiieHa cnpaposnas Tabi. 2-7.

Xon pactera counporuBNeBHEt JMBHH HIUTIOCTPHpYETCs
npuMepama 2-3—2-5.

2-6. PACHETHBIE BLIPAYKEHMS NS ONPEAENEHMS

YAENLHLIX NOMEPEYHbIX EMKOCTER
TPEX®ASHBIX JIMHWA BOJLUWON MPOTSHHEHHOCTM

a) Obume cootHowenms [29, 30, 31]

1. Nng anxnit GONBINON MPOTSIKEHHOCTH B OCHOBHOM
330 KB ¥ BHIle JOMKHH YIHTHBATLCA HE TOJBKO IPOLOIb-
Hble COOCTBEHHEle ¥ B3aWMHEe CONPOTHBNEHMI, HO M MO-
nepeuHsle (eMKocTHEe) conpoTmaierHs, Himke pacemarph-
BAIOTCH BOUPOCH pacueTa noOepedHol eMKOCTH Tpexdias-
HEIX OfWHOYHBIX W Mapasyyie/IGHEIX NuBHi Ges Tpocos H
C TPOCEMH B NPEATIONOKEHHH, UT0 AKTHBMEIMM COCTABJISIO-
KM MONEPETHHX COMPOTHENeHHE MOIKHO IPeHeGpeub,

2. [lpr BHBOfle DACUETHHIX BHPaMeNwii A FoNeped-
HBIX eMKocTefi JMME BBONAT 3epKalibHOE H30GpalKeHHe
MPOBOOE JHHEY, T. €. (PUKTHBHEE OGpaTHHE MpOBOJA, pac-
NOJIOIKEHHEIE Jo/] 8eMNeH Ha TAKOM Ke PAaCCTOAHHM OT II0-
BEDXMOCTH 3€MJH, YTO H [DOEOZA JIBHHH Hap semaeci. Yup-
THB2#, WTO HOBEDPXHOCTP 3EMNH MOXET paccMaTpHBATBCH
KaK TOBEPXHOCTH HyNeBOro IOTEHUHANA, B SIEKTDHYECKOM
moJie AHHMY HAJ 3eMAel OT BBeACHHS SCPKANLHOTO Maobpa-
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Prc. 2-23. Tpu ¢asuwie nmpoRofia M IBa TPOC2 W HX 3€p-
KanbHoe M3QbpaieHHe.

2KEHHH HHYer0 HEe H3MeHHTCH. JTO JaeT BO3SMOKHOCTH
BMECTO €MKOCTHOH CBSI3H CHCTEMH «IIpOBOA2 NHHHH — 3eM-
Jfi» pacCMaTPHBaTh EMKOCTHYIO CBfi3b CHCTEMH <IIPOBOAa
JIHHAK M (pEKTHBHEIE OBpaTHbIE TIPOBOAAY,

3. Ha pmc. 2-23 npuBsefieHa TpexdasHas JHHHA C JBY-
Msl IPOSO3ANHTHEIMA TPOCaMH C S€PKaJisHbIMH H3obpaie-
HHFIMH . IHEHH H TpOCOB. JINs oNpeseneHHs eMKOCTH IIpO-
BOIOB mO puc. 223 MOryT GhiTh HCNO/bL3OBAHE YPaBHEHHS,
CBSISHBAMOIIHE HANpsXKEHHH N[O OTHOWEHHI0 K 3eMje
C SJNEKTPHIECKHMH 3apAAaMH § Ha 1 KM ANEHEl JHHAH:

Up =094+ apdp+ oaclc + ¢ar 0r +
+oam Gpo; (a)
Up = o574 + 255 + 2pc 9c + 2pr 4r +
+ aprefs; ©)
U¢ = acta + 25cip + vcc dc + oct 4r + L @)
+ dgrrGre (=)
0 =gy g4 + o195 + %cr G+ %pr g7 +
+ opre 073 (r)
0=043vq4 + og1eq5 + e G+
+orrr g+ Al - (r) }

B (2-115r) u (2-115x) mpwsimaeres, uro Tpoce 7
T* easemuients (xOtH Gul B OJHOM TOUKE), a HOTOMY B ne-
B0k uactu ypasuewnt yuntesaercs Uy =U, =0,

Kosbhmine Tl ¢ ¢ OXEHAKOBHIMY HHICKCaMH npen-

crapnmot cofoll cofersennme ToTeHUMaIbHHe RooQduLA-
CHTH, 2 € pa3HbIMH HHABKCAMM — B3aHMHBIE NOTCHLHANDB-



ape KospduunenTel. [lorTeHuuanbhne XKosbhuUHEATH pas-
HBI:

1 Sii
ﬂi‘=ml ‘?; (2—1[6)
1 Sij
o : (2-117)

1=y 0D,

B (2-116) & (2-117) umpexcw i, j=A, B, C, T, T*;

1t — PACcCTOsHHE MEMIY MPOBOJOM HJH TPOCOM H €r0o sep-
KanbHbiM m3oOpameduen; Sij— paccTonine MEXLYy Tpo-
BOAOM HIH TPOCOM  H 3epKaJbHLEIM usofpaKeHHeM MPOBONa
umE Tpoca f; Dy;—paccrosHpe MEXIY TDPOBOLAME MM
TPOCEMH; Eo — OHBNEKTPHYECKAS TOCTOSHHAS; Pn — NeHCT-
BHTEJBHHIH panuyc mpoBosia <asel ¥a Tpoca. Jlns pac-
IMeMNJIEHHEIX TIPOBONOB B (hase BMECTO Pn BBOIHTCA Qo.n,
onpenensemuil o (2-65), npn k=I1,0. n mpeobpasoBa-
‘le 2-}!6) . (2-117) ¢ yyetom 3HAIEHHA g =

(P/kM) w samenolt maTypasbHOro xorapHpma

D

36m
JIECATHUHBIM TTOMYURM:

S

gy = 41,4.10° Ig % (2-116a)
S;

oy ==41,4-10°1g D_IJ:'" (2-117a)

4. Tlpn ompemenersn Sy B Sy caeqyer cyuTaThCs
£ TEDOBECOM TPOBOJOB. [IDH STOM PacyeTHAs BHICOTA, KOTO-
PYIO CACTYET YUHTHIEATH, PaBHAa:

2
hpacq..—-'_h.-—-a-—f,

Tne k— seicoTa KpemaeHus npoBona; f—<Crpena upose-
€2 TPOBOIA.

6. Tpexcpasnas opHouenHas nuHMs 6es Tpocos

1. Ins tpexdasnoll smHun 6es TPOCOB MCIOJBSYIOTCS
Y2-115a)—(2-1158) mpu Gr=Gr,=0.

UeNAX YIPONICHHS pelleHus IPHBENSM PEalbi
TXeMy K CHMMeTpuuHo# BBenenneM B (2-115a)-—(2-11b8)
cpendnx cobCTBEHIBIX Co H B3AHMHBIX Ups TOTCHUBAABHBIX
xospdurventop Pasupx nposonos (puc. 2-23), uro coor-
S8ETCTBYET YCAOBHIO IIPHMCHCHHH H& NHHHH TPaHCTIOSMITHNH:

%4t Spgt9cc _ 41,4-100
G‘:: 3 = 3 x
SM Sﬂﬁ SCC
X(lg‘ P +1g Pn +1g Pa );
Cap+ Cgctopc  41,4.108 £
OB = 3 PAs T
Sap Sac Sge )
Xit Ig 1
(E Dy +1g Drc -+ 1g Dge 1

e gnm panuyc mposoad.
. Jlis npsaMOR  TOCNEA0BaTENbHOCTH SHEKTPHUECKRE
BapALb Gia, GiB H §ic 0O0pPA3ylOT CHMMETPHUHYIO CHCTEMY

. G1=0%414; ic=01a. (2-119)

Vpasuenus (2-1152)—(2-1168), mprmamas wkoddduia-
@HTH G C OAMHAKOBEIMHM HHILeKCaM¥, DABHEIMH ¢, ¥ C paa3-
HbHIMH HHEIEKCAMH Mps, C yuerom (2-118) u (2-119) mprso-
JATCA K BHOY:

Upq = ocy 4 + ¢a0%Gy 5 -+ 00320, 4 =
= ("c == “m) é;,q:

015 = “aa“.‘hs + @, @+ ops8qy 5 =
\ (2-120)
== (B — Oy3) Gy 3
[}tc_—‘ U550 sc 4 Opal Grc “c';}']c:

= (o — Ogs) G-

CneaoBarenbno, HckoMas (pabouas) eMKocTs mpsiMoON
MOCAeL0BaTe bHOCTH paBHa, OfrM:

g IR
G (2-121)
Ha (2-118) noayumm:
1
o = 41,4-10° 1g-§f/ L P o B
W (2-122)
BN V' DapDaclsc

Taxkum ofipasom, B cootBeTcTBHM ¢ (2-121) m (2-122):
1
@, = Gy — g, = 41,4.10° lg-p—n—x

V S 445888¢ccD 48D sclsc
SaBSacSec -

DegS
— 41,4.100 1g—pi'53-£-:
1

(2-123)

1 0,0241.10-¢
C, ='—--=~—-5;$~—L*—“, P /uwm,

~ (2-123a)
1
1
£ PeSn

yne Dep—mo (2-70).
. S —
Sy =1 SasSesSces

3
Su=V SapSacSec:

} (2-1236)

3. Bupaxkenge (2-123a) mas emEocTE npsMoOfi nocae-
[OBATEARHOCTH MOXKeT OHTh YNPOIIEHO, €CAH € MEKOTOPHIM
npuGaMKeHHeM NPAHATbL PACCTOREHME MEXAY KaxIbIM H3
OpoBonos ¥as W OTPANKEHHSIMH €0 M IPYTHX NPOBOIOB
OJMHAKOBHMEY [1. €. NDHHATL PEBALIMM Sr H Sm 10
(2-1236)]. Tlpn srom pacueTHoe Brpaxesne (2-123a) mpu-
MeT BHA:

0,0241-10-¢
C‘ :""T'—’ P /M. (2-124)
cp
lg _Pn

Smeck W B pavbHeimeM mO HABECTHOH eMKOCTH Ompe-
NeNFIOTCS] MKOCTHAS NPOBOMHMOCT H €MKOCTHOE COmpo-
THBNEHHE:

"c‘—""a;—"—"gﬂfc. Coa/rnt; -

o 1
4. IInAa HyneeEofl TOCNEKOBATEALHOCTH 3apAjel a3

paBHbI:
- (2-126)
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Tipu yuere (2-118) m (2-126) uns (2-115a)—(2-1158)
IID-T[}"'IHM pie)i: H}’JIE'BO“‘] MOCAeN0OBATENBHEGCTH:

Ug+Ug+ U, iy
Up= —"A—%*g- = (ag + 2u5) G = %ogo;  (2-1262)
M3 (21268) ¢ yuetom (2-122) momywm:
1 1
Com o= o=
0,0241.10-%
_ . &P /.
tad 3/ "82a5885ccS? a8 6cS ac
£ P p?ﬂBDxMDzBC 3
(2-127)

Tpeobpasopannen (2-127) womydan:
c 1 0,803.10-%
0=

= 5
- n V' S4aS585ccS 455" 5652 ac
3 R C———
1/ P 'lst 280800 Ac

0,803.10-%
——— S » P/RM; (2-127a)
cp
g —— :
]/-PBD cp
1 Sep
= = 124.10¢1 - {2-121706)
T Vil
roe
9
Sep= 1" Sa4S8sSccS® 485405 pe; (2-128)

Dep —no (2-70).

B (2-128) S.p-—xopesb JeBATON CTEMeHH M3 TPOM3-
Be[IEHUs JEBATH PacCTOSMHMK MeXLy mpoeoxaMH (as H HX
3€PEANLHEIMHE Msobpaxenusamu. Tlpubmpkerno 910 cpemmee
TeOMETPHUECKOe PACCTOAHNE MOMKET OBiTh WPHHATO DABHLIM
YIBOEEHOMY CpemneMy apHGMeTHYSCKOMY BHICOT IIpOBOf-
uukos Gas ha, hp u ke (C vyeroM mpopeca)

S
Sep= 2 (2~128a)

PacuetHoe BHpameHne 18 eMKOCTH HyJesoll mocne-
JoBatenenocts, Hexons u3 (2-127) npu yuere (2-1236) u

A -
g - {'w-.—‘.; =="“H-w
e —|-c,, i
L. Sl
A
B
C

—— - e e _ —_
bty -

==

Puc. 2-24. Emkoctn TpexdasHoll JTHHENL
a — emkocTr (has myaescll rocnenoBATEIBHOCTH Cy MO CTHOLIEHHKD
K semile M R3aNMHBle eMEoctw C § MeRLY Qasamn Tpexctasmoh

JHHEN; 6 — eMxocrx TpexdbasHolt AWENE To prc. 2-24,¢ mpn npen-
CTapneHHy mexaydasnmx emuocrefi Cmm SKEMBaneHTHoR speapnof.
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(2-70), moxHD TaKkXKe TPEFCTABHTE B CHBAYIOLLEM BHIE:

0,0241.10~¢
g | —.
£ Pa Dep,
5. OtMersm, 9TO €MKOCTL NPAMOH 1:0C/IE]O0BATEABHO-
cTH TpexdiasHeX yHHHE MoXeT OHTb BEIDAXKEHa UEDe3 eM-
xocTh HyseBoll mocnenoBaTenwnocTd Cp W emrocTe Cug

mexay casamu Jupni (puc. 2-24,a)." IlpeoGpasopas Tpe-
yroabEuk ewmxocrell Cug B seesny (puc. 2-24.6), moay-

UHM:
B 50 (2-129a)

Vicxops w3 (2-120a) u yunteiBas (2-123) u (2-127),
MOJKHO BHIDasHTh eMKOCTb (g MeXIY (asamu wepes cob-
CTBEHHEIE M B3aHMEEe TOTeHUHAaNbiLe KoSDOAUHEHTH Oo
B Ops. [Ipu 5TOM BOJSYHHM:

C,—C, 1 1

Cm g 3 =3 (0e —wgg) 3 {op+ 2”133]1::

. (2-129)

Ugp2

(e — Ong) (%c - 2¢gs)

(2-1296)

B. Tpexgasznan ogHouenHan nuHus
C OQHMM TPOCOM

1. Bausyne 3a3€MAEHHHX TPOCOB CKA3LIBAGTCA TpaK-
THYECKM TOJBRKO HE& SHAYEHWH £MKOCTH B H)’JI&BOQ nocae-
NOBaTe bHOCTH. B pa'ccua'rplmaemom caydyae HCOTOMAB3IYEM
(2-1152)—(2-115r), B ®oTOPHX yumTeBaercss (2-126)
gr—=0. Pewrag (2-115r) OTHOCHTENBHO gr, CIONYYAEM:

(%4 + %y + cr) Go
= — Grr .
TloncTaBnga  noayuesdoe ¢z B (2-115a)—(2-1158) n

yuntenan (2-118) u (2-126), aoayuaen:

’ (g 405 F0g)® .
Un=[(%+2uﬂs]"“ ‘M 31 =2 ]‘?o=

— (ot -+ 2013 — Aoty 1) ;?o-

(2-130)

2. Uis cpapnewus ¢ (2-126a) BEmHO, 9TO TPH HAAMYHH
rpoca B (2-130), cBASHIBAIOIMEM SHAYGHHE NOTEHIHALOB H
3apaf0B, NOABNAETCA JOTONHHTEIbHLIA TOTEHUAANbHEIR KO-
SOMHIHEHT €O SHAKOM MMIYC:

{GAT + o5+ “o,»)s - 3oy

3oty

bog .=

s (2-1308)
rze
¢zr+ g + tp,

G == 3 (2-1306)
Bripaxan TOTERIHANLABE KOIPPRIUEHTH < TIOMOIBIC
(2:116a) w (2-117a) m yuuteiBas (2-122), monyuaem:

8 o T T\
S, 5.5
3-41,4.106(1[; / St S CT)

D 4:D gD
Aoy p = 5 =
g —
€ Pr
2
124. 10 (lg g“"’)
1T
- - | (2-131)
Ig
Pr



rie Srr — paceTOSHHE MEXAY TPOCOM M E€ro 3epPKANLHBIM

nsobpaenney; ps — PAJUyC TPoca; Sy —Cpeghee reo-

MeTpHYECKOe paccTosHue mpoonos A, B w C pmo sep-

xanbHOTO H30Opaskewus Tpoca; Dn,,-—ﬂinenﬁee TeOMETpH-

' 4eCKoe paccTosHHe Mexpy uposoxamu A, B w C um Tpo-
com. Tlpn srom :

3
S$5:=v SuSpSen (2-131a)
* npubIMKEHHEO
Scp+STr k}l‘i'hﬂ"i*hc
P 9 DR 3 -+ fi-l-; (2-1316)
Dy.v= 3/ DaDp:De. (2-131x)

3. s (2-130), yuntmsas (2-127a) u (2-131), qoayua-
€M ISt eMKOCTH HyJeBoli NocjenoBaTeNbHOCTH JHHHEA € OJ-
HEM TPOCOM:

0 %y~ Alg o o -+ 2053 — Aoy y
0,803-10-#
= - 4 2 Sﬂ_'[- 2 . (2"]32}
Sl:p (lg Dy .z )
lg 3 - —3
¥ eal’cp g 'P'fi

Cpaenupas (2-127a) u (2-132), MOXKHO YCTaHOBMTB,
-4TO TIPH HaJIMYHE TPOCa 3HaYeHue €MKOCTH BO3pacTaer; Ha-
Juuye Tpoca KaK Okl mpuONMKAET MPOBOM K 3eMJe.

T. Tpex¢azHas ogHOLENHas NMHMUS

.C ABYMA TpoCamy 4

l. Bripoa pacueTHHIX BEIDAMEOUHE [JH ONpe/leleHdAs
eMKOCTH HyZieBoli mocsefoBaTenbHOCTH Tpexdasnoil miuHu
¢ ABYMSi TPOCAME [POWSBOAHTCA wucXoms u3 (2-115a)—
(2-118n). Pewas cosmectno (2-115r) u (2-1151) otHoCcH-
TENBRO §r M Gz, YUMTHIBAR Ipy sTOM (2-126), momyuaem:

Crrgr (G g+ G- “C»r] .Q'n =
= O (U'A-lv' + “Rpr + ac-,-f) i;a
i Oyt — s

= ;
: (2-133)
tpor (@ pprt-Bg0 o) o —
— O (g 05+ 0) Go
Copylgarps ~— Bops
Yura (2-1306) u 060sHayHBE (0 AHANOTHH
Gpnr 4+ ege +dopr
= 3 = — “rm-“

b= —

L

(2-133a)
‘MoWEO (2-133) zammucath tak:

- 8610508510 — B30
Gr=— - ;
T ‘x'n'“-r*-p'-‘— us‘ﬂ" oy

S“ﬂ“ﬁ;pr —'3“11-'“):1.1

Gu =— = “ﬂ%‘ﬂ "-Gz'n" Go.

- (2-1336)

Us (2-115a)—(2-1158) MOMHO BaTBCATH JOTOJHHTENb-

HC® HanpsiKeHve B (ASHEIX MpOBOAaX, OOYCIOBACHHOE TPO-
canH:

AUy = op.00 + BgesGe;

AUg= ogfr + 050,03 (2-134)

AU c= “CT‘}T -+ Gorréfn

Jonoauitenshoe HanpAMeHHe KYAeBoll nOCAeoBaTe -
HoCTH ¢ yuerom (2-1306) m (2-1333) W B cooTBETCTBHMM
¢ (2-134):

AUy = ¢, -g: + Ty “714- (2-135)
Tloncraeans (2-1336) B (2-135), nonxyyaen:
ﬂ[;'o 3 (ope@®y 0 -+ “‘r"w'c‘sﬂ-‘l"— e G| .
o Oyt o~ Oy

=—la_ .- (2-136)
Jenennem (2-136) wa c.a, ., nHOAyUAM:
3 U'SII'-T' + ﬂ-an_-r‘ 29\1.[.; x
gt Gr7 V e
Ao = P )
l . T
Ot s
X Cnary g )
L (2-137)

Vura (2-130a), mromyqnn:
Aog o ’.ﬁ“n.-r' —2 Vkrk*rl Vﬁ“ﬂ-'l'ﬁﬂ‘r:.fr’

ﬂorm’ N 1 — k‘rk-r: 2
(2-~137a)
e
s b o
k’l‘ —ij uﬂ » kr, == 9‘1"1‘ o (2-].376)

TaxuM 06pasoM, AONONHHTENBRBI NMOTEHUHANLHLH KOSh~
(wmnesT npu ABYX Tpocax Ao, BHIPAXKAETCH HEPE3 M0-
TeHuyanbibie KOo(DORUHEEHTE JHHAH C OLMHM TPOCOM TO
{2-130&}( B K09 OHUHeHTH &y H £y HO (2-1376).

2, Ilna pacyera emuocTtH TpexdasHoll JBHHM € IBYMA
TpOCaMM, CrellyeT MCXOIRTh M3 (2-132), mogcTaBHB BMECTO
Adn.r sHaverde Awy .., 1o (2-137a). B ofmem Buje

1 1
g — Aoy Ttte + 205, — Aay
Jlast wacTHOro ciyuasi, KOrga WMEOTCS IBa ONHHAKOBBIX
TPoca, PACHOJONEHHBX CHMMETPHYRO o OTROWERHO K (das~
HbIM TPOBORAM (Cop == O_ss} O = Oy .)s 43 (2=1302)
(2=137a) nosyqom:

cP — -, (2:138)

2480y 3%
be ., = e (@139)
14 o T

Us cpasrenns (2-139) ¢ (2-130a) mMOXHO YCTAROBHTD,
TO [Ba WIEHTWYHEX TPOCa GHAJOTHYHB ONHOMY SKBHBA-
JIGHTHOMY TPOCY, B KOTOpPOM TOTeHUMaspHEl KospHUEERT
Qrr BSAMEHSETCH WOTEEUHANLEEIM KOS(OHIHEHTOM

1
(e 4 2g).

Uz cpasnenust (2-139) n (2-130a) ramsxe Moxuo yCra-
HOBHTb, YTO MOTNOJHHTENbHE uyieH B (2-138) nna onpene-
NEHHA SHAUCHWS CMKOCTH TPH IBYX TpocaxX yBeIMuHBaercH,
a 5To MPUBCIMT K OSBIIeMYy BOSDACTAHMIO SHAYEHHA €M-
KOCTH, 4eM NPH ORHOM TPOCe, .

A. [Lee napanneneHeie TpexdgazHbie nuHUK
6e3 Tpocos

1. Baaumnoe eMKOCTHOe BJIMAHHE ABYX Napase/bHBIX
suHui TpeCyerca YUYHTLIBATE TCJBKD B CXeMe HYJIEBOH mo-
CeIOBATENLHOCTH, B TIEPBYID OyYepe/lb JJS NPOTHIKEHHHX

a7



JIERER A JaHEA @A ofitux onopax. B cxemax mpamol m
-08paTHOH NOCAEROBATENLHOCTEH B3aHMHOE EMKOCTHOE BJH-
AHde naeT ne3HaguTenbHLl ShOEKT B M MOMNHO fIpeHe-
Gpeur. Ofulee pemenye 3agaud MO YYETY EMKOCTHOIO Sd-
<peKTa B CXeMe HyJeBOH JICCHe OBATENLHOCTH AN ABYX Ma-
panJenbHBX JUHUA MOMKer BhITh BEIMOMENO Ha OCHOBAUEN
YpaBuesil, COCTABACHNHX 110 METOAY NOTEHUHANDHBIX KO-
s¢puugenTop. YuuThBan nna Kaxnpod suuum (I u I} co-
oTHOweHpe (2-126a), moayuaenm:

UA+UB+HC
o= 2= — apgior + o4 s
o1 3 11901 1 119011 (2-140)
U+ Up+ U ; ;
Doy = ——3——— =ay ydor + @1 nort-
KosppuiseRTsl ax1 ¥ O 1x — colcTBeHHne K0ahgH-

amental gunuft 1 v Il p uyhenol nocaemoBaTeNbHOCTH H
8 coorBercTBHE C (2-1262) paBHH:

ST | } (2-141)

Spp 11 = %ty + g

Kosguumentst @rr H orxm COOTBETCTEBYIOT YC/IOBHIO
pafoThl Onxol IMHMH TIDH OTKMOYeHMH npyrofi, a moToMy
ONPERSNAOTCA N0 PACYCTHHM BHPEKEHHAM, HPHBEIEHHBIM
Bhbille Ahs oxvHOuKON auuun [ (oM. 2-127a)]. Kosdpuuuent
O1 17 — B3anMHLA Kos(buuneAT pyx JmHEd, paBEHH Ha-
TIPSOKEHHI0, BEI3BAHHOMY ‘Ha OAMOH H3 JMHUH DpH 3apsane
Go=1,0 5a gpyrofi nunre. 310T KosbduUEEHT oupeneaseT-
CA CPEmMEM TEOMETDUUECKHM 3HAYCHHWEM B3aMMHBIX eMKO-
<THHX NOTCHLHaNbRABX KOSHOUUHEHTOB MeXay Kaxpmol
<basolt opuofi NwHMM B Beemu (pasamp IPYrofi JNHHHA:

1
oy 1="3 (64 -F %5 -+ %a.) + (ap, + o + @p,) +

& ' 8
C O
(""‘"’% (“—A"“_"W
A B € a b
g8 . PO ¥

1

//1// FFT PPN Tl /)’/{//

Sza S Sec
L o O (o] (o]
A '
(=] (o] a )
U ol Uﬂﬂ
XocrXoerm Xocr = Xocrm
(%) (Cun=%m)
Xacin
(*1m)
L 6)
bocar (Corn)
Upy Ugn
boesrEocim Somr bocin
(CorrCorn! (Long™Cora?

- > 8

Pue. 2-25. Hcxopmasm cxema (@) M CXeMnl 3aMelleHHs
-eMKOCTHEIX COTIPOTHBJEHHH (6) B EMKOCTHBIX TpPOBOAHMO-
creft (8) NBYX NapasieNbHBIX JUHHH (Ha EAMEMIY AJHIBD),
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41,4.10¢
+ (e +ogp F o)l =—7—X

selg SaS 525858558 5ciSc e _
D 3:DapD 4 PpLpy Lo DecLes Pee
Scpl 11
Do 1

= 124-10° Ig (2-142)

Uncnutenb Scprm nox sHakoM morapwdma  (2-142).
pabeH KOPH|0 [EBATON CTeNeH: H3 NDOM3BeAEGHHA JEeBATH
paccToanuil Memny <asamu OXHON JHHHE W SepPRANLHEIMH
n3obpamennama a3 gpyrofl smnus (pue. 2-25.a):

9
Sepr 1 = ]/ S 205 455 45845 855 B ScaScrSee-

3uamenarems Deprmr noj 3HakoM forapapma (2-142)
paBbed KOpUIO JieBATOH CTemeHH U3 NDOH3BEJEHfiA [EBSTH
paccTosHuH Mek1y (asaMH DA3HBIX JHHRAI:

(2-143)

Dcpi = "Q/DAEDAEJDJ!D&XDB&D&DCEDGDDEC'

2. CoGeTReHHEIC €MKOCTHEIE CONPOTHBJICHHA ONPEneas-
oTcH Acxond ks (2-126) u (2-127), a B3apmHOe eMKOCT-
uoe conporapiesne aaunfi I w Il wexoma ms (2-125) =
(2-142), O jfrm:

(2-144)

&r o 124.10¢ S.:p] it
.xgm = 27'." = 2“{ g Dcp_] am =
S,
o= 896-10° Ig ot (2-145)
cpl 11

&

[lo B3aAMHOMY COTPOTHBIGHHIO Xocxir H3 (2-145) =n
coBCTBeHHEIM COTIDOTHBJIEHHAM Xoexr H Xocrr, Onpeagnse-
MBIM WO anajorpn ¢ (2-126) anm opmHouwno# nmHHM, Mo-
}er GeiTe COCTaB/AEUA CXEMA SaMelleHHs eMEOCTHHIX COMpo-
THBJCHMA (H eMKOCTHEIX TI0TeHLHANBHRX KOMPHUKEHTOB)
HYn€BOH MOCAENOBATENBHOCTH B BHIE SEEAAN JIJA JBYX
ga agnenhnux sunuf, Taxas cxema noKasaxa #Ha PHC.

3. Cxema 3amelleHHs [JH JBYX TapaiiesbHHX JIHHHH
MOXer ObiTh TIPEACTaBNEHA TAKIKE B BUME TPEYrOAbHHKA
eMKOCTHEIX TIpOBORMMOCTeH. Takas cxeMa 3aMelleHHs To-
nyuaercs pewennen (2-140) ormocurensho Gox n gorr. Ilpn
STOM TIONYUHM:

a1 ilor — o1 1ot

= B
Tor epeyy ix — % 11 i
. b —o nlor
%ot o11%p 11— %1 I
Taxam oB6pasom, eMEOCTE HysneBOR noOCNenoBaTeNLHO-
CTH:
o 3
2. nu :
- oo — % o
L1 :
C . ; (2-147)
OIFIT™  apyayy pp — o
11
ooyt
OLIX opgoyr I — %7 11 )

1 COOTBETCTBYIOUIHE EMKOCTHBIE MPOBOZNMOCTH HYJeBol no-
cHeAoBaTenbHOCTH a0 (2-125):



§ 2nfoyy 1y
o § *
= 1%
2nfa
Bty e SR BRPR P
SCIL A Gy I — %1 11
~ 2afy g
bocr 1= T el

o coorwowenusm (2-147) u1 (2-148) mocTpoena cxema
samellieHus EMKOCTHBIX TpoBozymocTell u emkoctell Hyne-
BOH TMOCNENOBATEABHOCTH JUIA LBYX NapasieNbHBIX JHHHA,
(pHBENeHHas Ha puc. 2-25,8. !

Crenyer OTMETHTBH, MTO CXéMa 3aMeilleNHA To pHC.
2-25,6 MoeT 'OHITh Takike moayueHa us puc. 2-25,6 npeob-

* pasoBalyeM 3Be3/IH B TPEYIOJbHHK.

_E. Oee napannenbHble TpexdasHbie SMHUK
€ TPOcamm

1. Yuer emixocTHoro sdhdeKTa B CXEME HyneBof moche-
LOBATeLHOCTH HEJIA IBYX NAHHE C© TPOCAMH MOXMO TNpO-
H3BOIMTb, MCXOAS H3  ypabuenndi (2-140), AOMONHEHHBIX
ufeHaMH, YUHTHIBAXOMMH BJMAHHE TPOCOB, H W3 YpaBHe-
nuf Bupa (2-116r) n (2-1161) ans Hampsikenufl 8- Tpocak

" (puc. 2-25,4). DTH ypaBueHHs HMEIOT B

Uor = wyy Gor + o nonr + “14}-;-1* opefers  (a)

Uorr = oy 11z + %11 1uors + Srrgle + e Gors

‘ ) . ] I CRT)

0=3az,q01 + 30y1; Qory + Gor Gr -+ ppr Gr; (B)

0= 3a1,s Gor + 31peGort + Opps Gt G G
@ )

e ayy, e B @ g onpefenstores no (2-141) u (2-142);
&y M Gppsy Gypg M Gppe 10 aHazorms ¢ (2-1806) paems:

i -
ap="g" (%, + g, +2c;); (8)

1
agpr = "5~ (@4 + Ipre + Bews); (6)
1 ' (2-150)
Oyl = "'3_'(5.‘(3‘1‘ =+ @pe 4 Bor); (B)

1
Oy s — '_3'_ (Cla,r; -+- Cpre + “ﬂ")' (P)

Pewas cosmectno (2-1498) 1 (2-149r), Beipasum saps-
Bl TPOCOB gy ¥ G+ UCPE3 3aPHIb goy M Gopp PasHBIX 1po=
BOROB JHHHH:

3 (ul'ru'r"r' = Gpgr u-n") q'-DI +
+ 3 (Bq 1% rr — Fp1p%en) Gorr

2
gy Spregs — Eoppr

g = ’

(2-151)

3 (@91 — %) Gor
-v{-— 3 (GIIT;GTT = ul]-rﬂ-n-’) qﬂll
PR

é’r' R

4156

Iopcrasue (2-1651) B (2-149a) w (2-1496), moayunm:
Oor=(ay—Aay ) gor + (@ (x — Aoy 1w % = |
= ofp Gor™+ o'} Gorrs ) (@)

O e

Uont = (8r 11— Bay 13) Gof + (g tr—40p00e) dorr=
=a{% qor + 2T 1e Qo (6)
(2-152)

o 1
{ i NOTeHUHAJBHEE

L . -

e sy, eprpp M Gf [ — SKBUBAJICHTHLIE
KO3 GUIHE TR, TpHIeM

3 [ogy (g prgs — aptige) +
_______II'I"’I (GIT'R‘I‘T T GITGTT")]

Opaogage = Goge

‘e'u'l-'rr' =

_,3 {Ggh“‘r'r' + 0P e Oopr— 20 O p G ) .
OrrOgrps — &%y v A

3 [or1y (1B — Qppptiny) +-

FOp 1 (e e — g1 )] }
Orhgrgsr — O

3 (0 pp St = 0P yp iy —

— 20y e ) ©
Orrllgigs — S )

(2-153)

Boyp =

(@O T gy s Oir—
—Cr (OO p + Oppetrp)] ©)
Coppppge = t"m‘l'[" ’ )

SxeupanenTHye Kos(bumaents aff # affyy B (2-152)

COOTBETCTBYIOT pabore ouHOH W3 NBYX mapajJeNbMEX IH-
oyl (P OTKAICYEHHH ApYrod (npu yueTe JifiA NOBBULCHHA
TOUHOCTH TPOCOB ®KaX paCoraiolllel, Tax n HepaBoratoLiedi
saeny). - TloTeHnnanpubie Kospduumentsl Crrx M Girux
B (2-152) coorBeTcTBYIOT Pabore oJiwol amHEH Oez Tpotos
¥ ONpEeeNsIOTCH aHajJorHuHe @o H3 (2-127).
HononguTenbhule YMeHb AGp s ¥ Aoy, (cO 3HAKOM

M#Hyc), OTpamalolike BJIHSHWE ABYX TpocoB mo (2-153a)
H (2:1536), ananoruynnt (2-136) pam oxpmBOuNOR JHHEA,
4 MOTOMY ‘DHM MOTYT onpepensThbes no (2-137a) n (2-1376)
¢ yverom ungexcos I u Il, pasmuuanmux napannenbible
JHHHH.

Bazammunit wosdpduuvent B (2-152) comepskutr unex
O1 11, KOTOPHIA COOTBETCTBYET YCJOBHIO B3aHMHOTO eMKOCT-
HOTO BJMSHAA ABYX JnHuH Ges TPOCOB H OnpegensieTcss mo
(2-142); pacvernoe BeIpa¥eHuE LIA BTOPOro uneHa Aor
(co snakoM MuHYC), OTpaxKalollero BAHAuME TPOCOB, {10/1Y-
yuM mipeofpasoBakuem (2-1538).

Aoy pp=

Henennem fna oy, YHCANTESS H  SHAMEHATenA
(2-1538) npu yaere (2-103a) momyurm:
3[“17 : “irl_l_ L s A
Vo  Vowr Vo Vo
Bay 1= O, eCrrs o
b= Ot

bt £dat 103 i
i Cepp ot 4

. ‘V el . bl ol § O %
. Copplhpsgs V OpqOrr

—

1
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V BagBagy, -+ Boggrboyge —
—Vkky () Bagdogres + Y Btgpebayy,)

1 — ke, > (2=159)
roe .

o Gt G

e Ry (2-154a)

Takum oGpascM, MONOAHHTETBHHN B3anuMHBII NOTER-
IuanbHbll Koa(pEuMenT Ajs nByX JuHull ¢ MByMa Tpoca-
MU BHIPaKaeTcs Hepes MOTeHUHANbHBIH K HLHERT OfH-
Houtofl NUHWH € ogHMM TpocoM mo (2-131) u xosddunu-
€HTH k1 u £, N0 (2-154a).

Creayer ordetuTh, uTo ecmu B (2-154) paccmarpu-
BAKTCA [BAa SKBHBAJNEHTHHX TPOCd, KaXIbfl H3 KOTOPHIX
3aMelfgeT JiBa PeasbHBIX TPOCa, TO ANA OlNpenencHus ¢o6-
CTBEHHOTO TOTEHUHAJBHOTO KOS(OHUHEeHTa KaXKIOTO SKBH-
BaJIGHTHOTO Tpoca (Cyr, Gx'z"), HCXOns H3 (2-1162), Heol-
XONMMO BBOAMTB B pacueT CPefHHH reomerpHYecKHd paau-
Y€ Pep ANA CHCTEMBl H3 XBYX PeasbublX TPOCOB MO aHa-
aorum ¢ (2-77) npu k=I,0:

pep=} rDpp »

rae D, — paccroanne Meixny ABYMS Tpocamu, o0benuHen-
HBIMH B OfiHH SKBHBAaNEHTHHIH TpoOC.

2. Jnsa neyxuemsolt JMWHE #a OOWIMX ONlopax ©DpH
CHMMETPHYHOM PaCnONOMEHHH TPOCOR

Aoy, = Aoy, Boqp, = Aoy Ry=F,..

(2-1546)

T T! T"
(@] O o}
I I m
0O 0O 0O 0O O O 0
A B C ‘T b ¢ & e f
P 2)
T & = i % %t %
. £t p
= (o 22m pm)
b= (e g '/ IRF
o Kmi Zpr mmt %
g I (et +“2!}?.?; + @)
d = (Cmm* G Xy * Ly )
2%t ocpmp
= (Pamr* %ay) gy + )
2IF oy
v Pum
4 f 250t
bogr € opm) 6)
Ie s ' I :
borm b o pm
(Corn) (€ pror)

borr born—boim

bopi borurborm [jfmr Sprar Vomm
CorrL o Corm) Moo € orir Corm)

Comm Corm Conmm)

&

Y T O ST PRI O T

Pre. 2-26. McxopHaa cxeMa M CXeMbl S&MEIEHHS €MKOCT-
HBIX CONPOTHBIEHHA K TPOBOAHMOCTEH TpeX NapasuielbHbiX
JHHEA Ges TPOCOB W C TpocaMu (HA enMHMIY HJMHEI).
a — pexofnan cxeMa; O — CXeMa SdAMEUIEHHA €MEOCTHEIX COonpo-
THBIeHR NHEHE; 6 — TO Meé eMKOCTHHIX NpoBoiHMOcTell smund.
ITpumMewanue IlapaMerpsl  CXeMB  3aMelleHH no
. pHc. 2-26,6 COCTABJCHI MCXOLRM WS CooTHcueHuB pue, 3:12,6. Oans
auEHlt € TDOCaMM B PACYETHBIX BEIPAMEHHAX CAGAYET YIHTHIBEATEH
alT) pMecTo @
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B stom cayuae (2-154) npumer Buz:
2V BapBay, 1 — ke (Aog, + Acy,)
N )

Monaio yBepuTbes, 4TO HanWume TPOCOB  YMEHBINAET
B3AHMHYIO €MKOCTB, uTO OOYyC/OBNEHO SKPaHHPYIOLHM BJH-
fIHHOM 3al{ATHLIX TPOCOB.

3. [To HIBECTHBIM [OTEHUMANBHEIM KOSPQHEEHTAM,
pxopauuM B (2-152), ompenensorcs coleTBenHble W B3a-
HMHLIE €MKOCTHBle CONPOTHBIEHMR Xocr, Xocri, Xocr1x, WO
KOTODBIM MOMeT GbiTh COCTAB/CHA CXEMa 3aMEmEMHs Hy-
JIeBOH TIOCNENIOBATE/BPHOCTH B BHAE SBe3NH HA eXHHHLY
IJHHB NHEME (puc. 2-25,0).

Pewesnnem (2-162) ornocutenbho §or B §orr MOTYT GHITH.
TIONYYEHB BHIPAXEHHA 1718 eMKOCTel H eMKOCTHBIX TpOBO-
mamoctelt supa (2-147) u (2-148) u coctaBneHa cxema
3aMelleHus eMKOCTeH # eMKOCTHBIX MPOBOAMMOCTEH B BUIE
TpeyrofbhHKa Ha epmERLy Aamebl (puc. 2-25.8). Cxema sa-
MeUleHHA 710 pHC. 2-25,8 MOXeT BT TaKXKe MONyYeHA H3
puc. 2-25,6 mpeobpasoBarHeM 3Besisl COMPOTHBAEHME

B TPEYTONbHIK.

phay = (2-154e)

. Tpu napannernsHele nuHum u Gonee
{puc. 2-26,a) '

1. O6muft Meton peiieHus ANA CHCTEMBl M3 R JHHUE
H CHCTE@MBl M3 I TPOCOB CBOAHTCH K COCTABJEGHHIO H--Nt
ypaBHeHHuH 3aBMCHMOCTH Hanpawxennfi oT sapsaoB HyJeBofr
nocaegoeatesbHocTd. Onpenenns 3apsajst m TPOCOB H3 CO-
CTABNEHHBIX [AJIH HMX YPaBHEHHH H TONCTABASH B ypaBHe-
HHA 178 7 nHEHH, pelliekBeM nNOCTeAHMHX NOMyuaeM HHTe-
pecylowye Hae PesyipTHpYyomye coOCTEEHHbE H B3@RMHbIE
noTexnHanbHble Kosbduunentsl murnll. asn pewennit stoi
3ajlaun nelriecoobpaseo HonoNbacsaTh DBM.

JDna Tpex mapanjenbHbIX JUHHN HHXKE OTMEUEHH Oco-
GeHHOCTH TOYHOTO OMpeAENeHHs EMKOCTHHX NapaMeTPOB IO-
aHAJOTHN € TIPHBEIEHHEIMH YKaSaHHAMM JJIA JBYX Napan-
nenbHelx HHAH, Taxoe pemenne Momxker noTpeGoBaTHCA AN
JuHafi BeceMa GONBUIOH TIPOTAMKEHHOCTH.

ay lons Tpex nmapasanenbHHX JuHull Gea
TPOCOB To aHajsorHy c (2-140) anA OByX oapamienb-
HBIX DHHE MOIKHO 3aIHMCaTbh B MaTpuynoii (opme

Uor Gy %pqr S Jox
Uor =0 %un %mm {°) 9%u (2-155y
Vot @rpey @r prr Coron * L 9ot

Kospdrumentsr dry, Qrrir H Orxinn COOTBETCTBYIOT
YCNOBMEO paBOTH! ONHOH JHHHH TIPH OTKIIOYEHHH OCTalb-
HBIX IBYX, & TIOTOMY ONPEAeNsoTCA 10 PACYETHRIM BHIDa-
WEeHHsAM, TPHBENeHHHIM BhHUle LA ONWHOYHOCH nwHHH. Baa-
HMHble XCHpOULKEHTH CGrxx H Crixr ONpeAensioTes Kak
HANPAMKEHHA HYJEBOH TOCIENOBATENBHCCTH IO OTHOMIEHHIO
K SemNe ©ia OTKMOYeHHnX auxusx {1 u [l npm sapsge
HyJEBOli MoC/nenoBaTeAbHOCTH Go=1,0 Ha mumumu I. Arajo-
THYHO ONpERENseTesl BSAUMHENT ®KOSOOHUIMENT Qi TPH
oTkmouentblx aununx | u HI sapane Go=1,0 na muuun 11
Pacuerspie BHIpaMeHHA V1A B3AUMHMBX KOS(uULHEHTOR
aHanQruuHe (2-142).

6) nsn Tpex
¢ TpOCaM# COCTABJNAKTCA VPaBHEEHHS,
(2-152), sanucanHue B MaTpHuHOH Qopme:

.

napanrenbHHX JAHHHE
AHATIOTHYHbIE

Um! T

0011[



: (gr—Aapre) (e —Aey rp) (1 3y—A% 111)
=] (o p—Bey )@y jr—2¢yy ) (11 pry—Boyp 117) %
(r rx — Ao ppp) (o 1rr — A%y 1an) @y 1 —

— Boppy g
é‘[‘.‘1'
Xl %n (2-156)
Gornt
HAaY
Uoy off et efhr | [ o
Un =] " et 4tm || @u |-
Vot e et et don
' (2-1564)

Jononrnrenbntie coGcTBeHHLE (Auarcuavibhbie) Kosg-
duunenter Aoy gy Aoypoose AGpppoos, OTPANKAKINEE BINSA=

HHE TPCCOB, COOTBETCTBYIOT YCIOBHIO PaGoTH OmHOH JMHHH
npA OTKMHOUEHHH OCTaJbHHX HBYX (TpH l‘2,'116:11: ONA GOBbI-
eHHS TOYHOCTH TPOCOB BCeX Tpex muunk). Ilna BoaMoxk-
HOCTH HONONb30BAHMA PACYETHOIC Boipaxenus (2-137a),
COCTABAEHHOTO JI/Is1 MBYX TPOCOB, CJAENYET B PACCMATpHBAE-
MoM cioyude OOBeNMHNTE IBAa Tpoca (HWVIH jBE PYnNuH HX)
B SKBHBANEHTHBIH TPOC, MCHOAB3YH HJIST STOTO € HEKOTOPHM
nprGnMKeHHeM cooTHowweHune {2-138).

Jononputenbure B3aumuie xoodduuuentn  AugIm,
Agyyn, At OTpaxkawooliue BAHSHHE TPOCOB, OHpefe-

JNARTCA N0 52-154] IpH ydere HALCKCOB, COOTBETCTBYIOLMX

awnnam 1, I, IT1.

2. Marpunam moTeHuManbibi% xoadpuunentos (2-155)
u (2-156), a raxKe NPOTIOPUBEOHANBHEIX HM eMKOCTHHX CO-
NPOTHBNEHHN Ha eNHHMIY [JBHEI JMHHH COOTBETCTBYKT
SKBHBANGHTHBIE CXEMBI SaMelenHa Buga ‘puc. 3-12,6
c CeMBo BeTEBAMM, [IpuMeHMTE bHO K pACCMATPUBAEMOMY
CNyuAal0 CXeMa 32MELIeHHH eMKOCTHHX CONpOTHBRNEeHWH [o-
Kasaia Ha puc. 2-26,0. .

Pemrennes (2-155) u (2-156) oTHOCHTENBHO go1, orr
# ¢oxrx Moryt GBITE UONYYCHES YpaBHeHHA:

Go1 = Conlor — Cor ulort — Cor mUonrs

gorr == Cor nlor + Cor nlorr—Conr b 5 ¢ (2-157)
g . ! i ;
Gorrr=—Cor tnUor~Con 1lorr+Corr 1rlorn»
[JIe €EMKOUTH paBHALI:
¢nnénrmr—¢nnr
Con == x . i
GppGppg i — %I 1 ’
Con = = A 3
18 Skt RO
Cotrt 1= A *
$  (2-158)
Sp 1% i — %1 %I o, ,
Con= A i
Spr®roor — %1 %o .
Cot 111 = -5
01T A
Prr I T o1 Ut ,
Corr 111 = A ¥

40

= ayp e n%uzmn — i) — ¢ O n%no —

—op tu%iz D) -+ gy oy (90 2 @1 gpr — %1 % 1nn) - (2-158a)

Las. mudt ¢ tpocamm B (2-158) caeayer yunrsisats
o™ mo (2-156a) smecrto «.

Cxema samelledMs eMKOCTEH Tpex mapajsienbHEIX JH-
Hufi (H2 exWwnNUy JHHBI), COOTBETCTBYIOWas (2-157), nana
Ha puc. 2-26,6, mpHYeM 5Ta CXeMa SAMEMlEHMS BepHa M
AT €MKOCTHHX TIPOBONMMOCTEl TPH y4eTe COOTBETCTBYIO-
X K03(hORIMCHTOR NPONOPUMOHANEHCCTH; CXeMa B TAKOM
BHIIE TIpPOILE, ueM cxemMa puc. 2-26,6.

3. lNpaKTuueckre ykasaHus no pacuery
NnonepeyHol eMKOCTH BO3AYLUHBIX JTIMHMIA

1. [l5s mapasfeneebix JTHEEY, VIGNEMHRIX IpYr OT
Jpyra Ha Gosblipe paccTosHWA (Hampunmep, 50 a1 m Gonee
nnst nveuii 500 ®XB), psamMERC TOTEHUMaNbHEEE KOS(PHH-
ILHeHTH BeckMa Mankl. MOMHO OTpaHHUMTECS yyeTOM B3a-
HMHBIX eMKOCTHBIX BJIMAHMEH TOJBKO AN JABYXUETHBIK JH-
HHA Ha OOMKX OUDPAX, 2 B YTOUNEHHLIX pacuerax TOKOB
K. 8. TaXiKe H jnfA TapanneNbHHX JUHui BecbMa GoaBIIOH
NPOTHAXKEHHOCTH, 'CMOHTHPOBAHHBIX HA OTHENBHO CTORNLUX
omopax, B OCTaNbHEIX CAYYamX NPHU PACIONONEHHH JHHHH
Ha DasHBIX OMOpax npu OConbINOH YIANEHHOCTH MEeKIy
HHMH MOXHO B UeiAX YNPOUIeHHA TpeHebpeub BAHAHHEM
BIAHMHOH eMKOCTH CMEXHBIR JHHMIA TPOCOB H € TpO-
camu. Ilpn sToM pacuer BeckMa ympOI{a€TCs, NOCHOMBKY
IyiA KX IO JIMHWN YUWTLIBRETCH TOJBKO ee coGCrBenHasn
eMKoCTe (Kak IiA CAFHOYHLIX AuHME). Jas mByx mapan-
JENBHBIX JHHHA 3TO BHIHO B8 (2-147) mpu ap n=0:

Corr = /o3

Corr 1 = /ey 11
Cornn=9,

(2-159)

a INA TPeX mapandieNbHeX suEER M3 (2-158) mpu oy pr==
=011 =0y =0

Con= ey l

C ==] "
orr 11 = 1/21 11 (2-160)
Cotrr i1 = Yo nn [

Coru=Commr=Cornr=0-

B (2-159) ® (2-160) Cox1, Corxx # Courx xrr — cober-
BEHHEIC €MKOCTHM OTHENbHBIX JuHKi Ge3 TPOCOR B ¢ TPO-
CaMH.

2. B mpubnuxeHHbIX pacueTax MOXHO rpybo npuGau-
MEeHHO HPHHATb CPefHHe 3HAYEHHS EMKOCTH npsiMoft mo-
CHENORATCNBHOCTH JAS  MeDaclleNseHyslx JuHull 220—
330 xB

C1=8,8-10° @ /m,

nnst munuit 330--750 kB ¢ paciennenwewm daswr ta 3 npo-
BOIA

C=12-10-° ©/um.

Emxocth HyJeBOH NOCKENOBATENLHOCTH MOMHO THPHEIH-

HEHHO DPHHATD

Co=(0,55—0,6)C;.

Hannupre TPOCOB [OPHBOAMT K YBEJHUHHID €MKCCTH HyJNe-
BO# mocseaoparensioctH Cop rpyGo mpubnumento ua 10%.

B 7ab), 24 mpuBenennl 3aMMCTBOBaHHHe Hs [41]
YIeAEHbIE €MKOCTH JIPAMOH MOC/CHOBATENBHOCTH JUIS PAAA
JIH’H.':IE} 110—750 xB (coBMECTHO € APYrEME TIApaMETPaME
JHAHH}.

8. Ilna ynoGerBa monb3oBaHms MaTeprasoM § 2.6 co-
crapnena copasounan tabn. 2-8. Xop pacuera emxocrn mu-
Huli HAIOCTPHPYETCS MPHMepOM 2-6, :
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EMKOCTE OJHOLUENHHX H KBYX NaparyedbHHX TpeX(asHelX JaAHui

A, Ilpsimas nocrEROBaTENBbHOCTH

TaG6anya 2-8

Tounwii ‘pacuer [Mpubmmxenduk pacuer
0,0241.10-° : 0,0241.10~¢
Ci= -—-I—D";*S-;—‘ ®/em (2-123a3) C) = l Dy P/, (2-124)
€ oeSu €
e Dy— mo (270); S, u Sy —no (2-1286); pg— panmyc nposora.
B. Hynesasi nociefoBaTeqbHOCTD
“"-'}:_ XapaxTeprcTara auuni PacyeTanie oipamcnnd, @ /um Ioncnenan
i 1 0,803-10~°
1 (Onnouensas Gez Tpocos Co=r = = 3 = |Scp—n0 (2-128) [npubmmxenno no (2-128a)];
G g + 2og, cp ;
) lg— - Dep — 10 (2-70); S, u 8y —no (2-1236);
pnlPep . P — Pamnyc mposopa; o, —mno (2-1276)

0,0241.10-% -

e i 1 0,803-10-¢
2 |Onm onennas ¢ ofunM TPO= Cyp s T =
con ! E A
i - g 3
¥ PnDacp
(e 2=)
€D )
— e (2-182)
1g ;:
P [ T — % 1po- | C&7 = : = :
Siops nByM# TPO 0" = g —Bay ., ot 2o — Bop,
(2-138)
4 |[Yrounennuli pacger aas |CoGcTBeHmas eMKOCTH
ABYX NApaiiefbHBIX Ji- o
nai J w If G6es Tpocos Conp = -—“-I-[-—-é-—-—; Cotr11 =
(puc.’ 2-25, @)™ AT S
s &1
oo 11 %L 1
Baaumuast eMKOCTh
c e Ll 2+95
an ﬁ“n“n n—%ru {pec- Jaie
(2-147)]
5 |Yrourenamit pacuer mia |CobcTBeHHAss €MKOCTB

ABYX MapaienbHsX =
wuit I u Il ¢ Tpocamn
{puc. 2-25, a)

LA TApANAEAbELIX AuiMi, PACHONOMEHHBIX HA DR3HALIX
M TPOCOB, 8 COOCTBEHHBIS @MKOCTH MENH NpH OTCYTCIEHH TPOCOB

1. Benimmas S 1 D noxasaee 63 puc. 2-23. 2. Fovepa copyysl €OOTBETCTBYIOT NMPHAATHIN B CCHORHOM Tekcre. 3. Jlaa pacuien-

ABYMA TPOCAMH.
INlpumMeuanus:

FIEHHLIX NPOBOZLOR BMECTO P, YIHTHIBACTCA P,
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BsanmHas eMKOCTB

T
Céti = oom

(2-147) npu yyete (™) BmMecTe o]

(2-127a) u (2-129)

[ (2]
ig fn Dx:p

r (ﬂ
%111

. ' 4 R
Cgﬁ = 'E) “ﬂ} {T)2! Cﬂ!l =

I %

o

=T (12
a3 oyt i e 8 S

[
ET-I 1
—— [pac. 2-25, g u

%%

— {Aoy —mo (2-131); oy= o, - 20y,

=
(no mos. 1); Sp.r—rio (2-131a) [rpuGas-
wenro no (2-1316)]; Dy,»—no (2-131n):
pr— pamyc Tpoca; Sgp, Dep v py— no
.o 1

1
o, = (oe 4+ 204,) il (nom. 1); Ao 0—

no (2-137a); npu crmMeTpHuHOM pacno-
J0ierEs TPOcoB Ao, , no (2-139)

1
[e1r = q (pows awmEn I ono m, 1); oqy p =

: =1
T (aast s 11 o n. 1); ap.y—
no (2-142)
a{ﬂ o _!__ (ro .n. 3) u'._{T e ‘_l_
Peag =) MeTag

(ro mia 3); of Yy =(ay g —2oy yy) mCcxOLA
H3 (2—152}9 roe oy i1 —TI0 0. 4, At'l.l m -

o (2-154); npu cHMMeTpLuHOM pacroNC-
WeHud TPOCOB Aoy ¢y 10 (2-1548)

onppax (cu. § 2-6.3). B 1eanx

70 {2-65) npa k=1.

MOMHD He YYATHIBATH BIAHMHYIO €MKOCTh Npamft

pacesuTBaTh 410 0. I, npr mapuunE Tpocos — mo m. 2 & 3 Kaxk InA JEEMHY C OnEHM B



2-7. CXEMb! ZAMELLLEHMS O AMHOUYHBIX JIMHMIA
BONbLIOK NPOTSIKEHHOCTM C PACMPEMENEHHBIMM
NMAPAMETPAMM

_ Has oppnoumbix  spnk Bosbiuoli  DpoTSIREHHOCTH
(" ocorHOM ﬂa:_}pnmuem 330—750 B u Oonee) mpH-
MeHsoTest Il- u T-cxemm 3amemlenns mpsamoli (o6pathofi)
¥ WyneBof nocneaoBaTeNnsHOCTEH, MapaMeTphl KOTOPRIX TCHU-
HO BBIDARAOTCA Yepes THnepbonnyeckne GyHARUHH ¢ KOM-
MIeKCHEIMA apryMeHTaMH. Taxoe mpeicTaBlieHHe CXeM Sa-
MelleHus, ofecmeynnatomlee GOABILYIO TOUHOCTD, Hexecool-
Pa3HO IPHMEHATh TNaBHEIM o6pa3oM npH pacuetax ua OBM.
B mxenepHLX pacueTax MPHMEHWMB! TAKiKe yTpOILeHHEIe
pewienusi TIpH samMeke rumepOonmuecxux $yREUMA orpaHu-
UEHHEIM YHCIOM YNEHOB KX pasnoxeHAs B psn. Hmxe pac-
CMaTPHBEETCA OnpereneHHe TapaMeTpOB CXeM SaMelleHHA
TOUHEIM CcocOCOM B ympoliesuo L.

A. Onpepenenve napamerpos M- 1 T-cxem
3ameLleHms TOUHLIM crnocobom

l. Opxopossas ONEMEAS JUYMA © pacopegeieHHBIMH
napameTpamMK, Kaxk HsBecTHCe [45], xapaxTepusyerca che-
ZYIOIMMY OCHOBHEIMH YDABHEHHSMH, CONEDKALIUMY TANEp-
Gonuueckue PyERIHHA:

shyl, .
f|_= ZTCJI UII+ChTIﬁI’['

} (2-161)

rie Ze —BONHOBOE LONPOTHBJACHHE JWEWH; Yy — Kosdbrin-
€HT PacIpOCTPAKEHAS, NpHIeM

520
Ze= l/'?“’
2 yain
Yeary (2-1612)
a2V ZNy:
Zy=Zly;
Y,[_—..Yl,,='f<nc! - )

3peck Z ¥ Y — npoaonpHoOe COPOTH3NEHHE M. TIONEpey-
Has MPOBOAHMOCTD JIEEHM HA eNHHMLY OJHHE; Zn B Yg—
COOTBETCTBYIOUIHE COTPOTHB/EHHE H OOBOAHMOCTb JHHHH
rnol [a.

Ypapuernun (2-161) mpencraeasior coboli oGuIHe ypaB-
HEHHS] CHMMETPHYIHOIO MACCHBHOMG YETHIPEXTIONIOCHMHA (DHC.
2-27,a) 2:

Uy = AUy + Blyy;
i (2=162)

rre A, B, C, D— goMIzexcHEle KOHCTAHTH TPEXIIONIOCHK-

Ka, TpHIeM :
A=D w AD—BC=1,. (2-1622)

2. Ypaprernan Tpexnomocknka (2-162) ymoeaersopa-
- er {I- umn T-cxema zamemenus (puc. 2-27,6, 8).

Tlapamerprl cxeM saMelleHns mo puc. 2-27,6 u & onpe-
JEASIOTCA Mepe3 KOHCTaHTH  yPaBHEHHI  TDeXno/HOCHEKa
(2-162) B BHIE

an.n= B; Yun=(A—1)/B;
Zopa=(A—1)/C; Yy ,=C. } vl

IMopcraenss ® (2-163) koadduupenth, xapakrepHayo-
LI%€ peasbHbe ABHEK cornacho (2-161) m (2-161a), mony-

! Vopoulenue pacueTa BOSMOMNHO Taxie npx saMene runepbo-
JugecKHX GYRKOAH TPHrOHOMETDHTRCKHME, :

* B puTépaType TPHMCHSEETCH TaKKe TepMHH <deThiPeXnovinc«
HEE»,

Puc. 2-27. IlpencraBiieure JMHHH € DACMpeRENeHHEIMH Na-
paMerpamy TpexnomtocHukon (@), Il-cxemop (6) w T-cxe-
MoK (B8) 2aMeLeHHs.

uaeM DPaCUeTHHE BHIPAKEHHUS JAR ONPEACJCHHS HapaMer-
POB PacCMaTPUBAEMEIX CXEM:
nas Tl-cxemu (puc, 2-27,6)

3

2 P
Zop.n= Z¢ Shly= )/-?— shVZ, ¥

ch TI..-{'_ 1 ch V—Z:]'YJ["_ 1
B Yy ol B
% /?shVZnYn

th —-%- VZy,

Yu

— ]

(2-164)
e 1/3 3

mna T-cxemul (pec. 2-27,8)

chyls—1 _ VT
zrrp.'r= 2o sh TIJI TX

cth—l 1/7
% sV ZF 'YX

., [ (2-165)
X th % VZ¥as
shyly _ shVZ¥,

1 8% '_"jc_' -'_2':

J

Caenyer orMeTuTh, uT0 Il- W T-CXeMH 3aMelleHHs
PARHONPABHLE; CXeMa 3aMelllenus mo puc. 2-27,8 moxer
OeiTh MoMyueHa u3 cxeMn pme. 2-27,6 npeobpasoBanueM
TPEYreNbHHRA B 85esly. B KOHKPETHRIX VCJACBHAX MOMKET
okasarbea CGodiee ynoOHOH Ta WM ApyTas cxeMa saMelle-
HUA,

3. PacuetHrie napameTpel CXeM 3aMeUleHHs [0 pHC.
2-27,6 u 8 mo (2-164) . (2-168) moryr ObITh. TdKXKe Tpen-
CTaBJIEHH B HECKOJBKO Apyrofi ¢dopme uepes cocpemoTo-
yeryble TEPAMETPH JIMHUA M COOTBETCTBYIOMHE MONDABOY-
HEle KOo(QHIHeHTH: ;

zn-p.h"—"' Giy= g Zly } (2+166)
Yran=0s¥n/2 =Y n/2;
Zapn = qoZp/2 = Gy 21,/ 2:} 01
Yoao=aq¥a=qYly (180
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- rfe nonpasounne Kos(duHeHTH
i shVZ)y, .
(T A

_ 2(Vzy,—1n
LA = 875 - A i

: 1 S
2th 5" VZHY,;

VZy, : J

4. BuuHCHeHNe TONPABOYHBIX KOS(DHLRSHTCR §1 H §2

mo (2-168) mpeacraBnseT M3BeCTHHe TPYAHOCTH, TAK KaK

B HHX copeparcd THNepOoHyYecKre QYHKUHE OF KOM-

TJIEKCHOTO aprymeHta. Touloe pellelne B TAKOM BHIE, KEK

TIPaBHIO, nejecoofpasHo mpu pacuerax Ha 3BM. C nsse-

CTRON TOYHOCTBIO BO3MOMKHO TpPHMEHEHIE JJIA ONpenene-

HUA MapaMeTpo3 CXeM SaMelleHHA Conee NPOCTHEX TPHOIH-
HEHHEX pewlenufl, DACCMOTPEHHEIX HIBKe,

b. Onpepenenne napamerpoe M- u T-cxem
3aMELLEHUS YNPOLIEHHBIM cnocoBom

1. Vipomende acuerHux sHpaxenur (2-166) u
(2-167) pocTuraeTcs mpE 3aMeHe THNEpGOMHUECKHX QyHK-
uuft B (2-168) mepBLIMH HecKONBKUMY CAATAEMEIMH HX pas-
JOXEeHHA B CTemeHHoll psa:

shi-=1t/1-} /31| £5/5] 4 ...;
cht =1 £2/21 - #4/4! - ... } (2-169)

EcrectBenHo, cTeneHb TOUHOCTH NPy TAKOM npubmmxe-
HHH 3aBHCHT OT YHC/IA VYHTEIBAEMEIX UNEHOB DPas8iOXeHHS.

2. Ilpu cpaBuuTeneso HeSosemon zymae nmnft 150—
250 &M [46‘} MOXHC "TpHOIHXEHHO B COOTBETCTBAH
¢ (2-169) mpuaTe B (2-168):

shyl,=shVZ W, ~VZ¥,

L N ZY, 9-170
chyly=ch V' Z¥n==1 + 5= (=)

e re———
.

ST0 OPHBOANT K OPHOJIDKeHHBIM 3HaYeHHAM dONpa-
BOYHRIX KoodduuuerToB B (2-168):

gi==l; ga=l. (2-170a)

Ilpu srom, xax sBugHo us (2-166) u (2-167), mapamer-
pPH CXeM samellledusi nona JueHE pamHoft  150—250 ®M
HOJAYQAIOTCH  IPOCTO  YMHOMEHHEM  COOTBETCTEYIOLIHX
Y AeNBHEIX 'nagaMETPUB metnn (£ u Y) sa gaemy Iy yuact-
ka (puc. 2-28), T. e. paBHOMePHO pachpefe/eHuEe napa-
METPH JIMHHM B2MEHSIOTCH COCPeZOTOYEHHBIMU.

3. Ipu Gémbinefl pyveHe NWHME MOKHO. COCTABHTL Le-
NOYEYHYI0 CXEeMy, B KOTODOA MHOIOKPATHO [IOBTOPRIOTCA
3BCHBY, COOTBETCTBYIOUIHE KaCKajHO COeJHHEHHBLIM CXeMaM
no puc. 2-28, BepHHIM JAS KaX<OOTO W3 yJacTROB. Takas
CXeMa SaMELIEHUs COCTABJHETCH TIPOCTO, HO QA JIRHUE
GOMBUIOH TPOTAMKEHHOCTH TIONYYAETCS OTHOCHTEIBHO CJIOXK-
HOH M TpoMO3AKOE ¢ GOABIIMM YHCAOM YYACTKOB.

ZL ZiL

o

U |
ﬂ) —0ofl' I'c ’ d}

Puc. 2-28. Vopowennsie IT-cxema (@) n T-cxema (6) same-

IeHHs] A5 OTAEbHEX KaCKalHO COSAMHEHMHIX SBEHBEB me-
noyeyHolt CXeMEl OOMHHON JMHMH. y
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4. B mpunoxennn 2[1-7 paccmatpuBaerca yTOMHEHHOE
peleHne LA JHHUM TIPOTAMKEHHOCTBIO A0 400‘%0 KM TIpH
yuere GGMBIIETO YHCHA WIEHOB DASJOIKCHMA B PRI THTEp-
Gonvueckux {yukuul, wem B (2:170), a umenno:

shyla=VZ Yy + -(ZT”}; 1
Z¥. TR el
C]‘l‘ﬂng 1 + .5 n + 34-11} N l

Tlonpanountie wostpuumenter no (2-168) mpr avom

P aBHHL
Za¥
=1+ 1

=1

(2-172)

B npunoxenuu 2I1-7 puisofarcs TAKKe MPOCTHIE COOT-
HOLUEHHA WA DA3NeNLbHOLO ONPEIeNeHHs] AKTHBHEIX H pe-
@KTHDHBIX COCTaBJIAOLGHX TIapamMeTpoB [l-cxemzl

Tpusenernbie ©nocofe pacyera 00eCHEYHBAKT YTOY-
NeHHE® pe3ysbTaTH, GAusKHE K pacueTy TOUHBEIM CnoceOoM
(c THnepGOAMYECKHMHA (PYHXUHAMH). YKasaHHOe NOXTBEDXN-
ZAETCA CPABHEHMEM PEesy/AbTATOB KOHKDETHOTO paciuera na-
pamerpoB nunuH 500 xB paummolr 500 kM B npumepe 2-7.

5. Ha ocrosanuu BeiBefenHbix b § 2-5—2-7 pacuetnbix
BEIDAMEMHE ONA VWIeABHHX NapaMeTpoB JEHWA B Th 3 pas-
paboTaHel CXeMHl 3aMelleHMs NapajNenbHEX JHHHE C yue-
TOM B3aWMHON WHIAYKIHH ¥ eMKOCTHOH CBASH.

2-8. OCOBEHHOCTH BBIYWCNEHMS YOENbHBIX
COMPOTUBAEHMF KABENBHBIX HMHMA

A, OBwwme nonoxenus

l. B ¢Bs3H © TeM, uTO M HEPENauH SNeKTPOSHEepruH
Ha Hanpsikendr 110 kB u Bullle Haxomar DPUMEHCHHe
NoN3eMHEE OIHOMHILHEE Kabenad, BosHuxaer HeobXon-
MOCTb BLIYHC/IHTL MX TapaMeTpul Iis neneli pacyeToB TO-
ROB ¥. 3. YKa3aHHOe NPEACTABASET H3BECTHBIE TPYIHOCTH
BBMAY HegocraToynoll paspaboraHHOCTH 3TOro Bonpoca.
Hyxe npHsoAATCA pacyeThble cOOTHOMERNs, Ga3npyiolinecs
Ha MaTepmanax mo sroMy sonpocy s [1, 28, 31 m 32],
a rakixe ma § 2-5 gammoro menyexa PY. Jlns nonuots
azlech JMAHE TAaKXKe KPATKHEe YKa3apus Mo ONpeJe/eHul na-
PaMETPOB TPEXIKHABLHBLIX KaOeJbHHIX JIHHHE, TPHMEHAEMEBIX
Iyia Banpsixenuit mHrxe 110 xB.

2. Tlpusonumetli sgeck MeTOL pacyeTa TPHECOIEH IR
OPHEHATHDOBOUHOTO ONPENeNCHAs JapaMenpoB KafesbHbX
JHHEN K JOJGKeH MONOMBSOBATBCA YPH OTCYTCIBHM 8aBOJ-
CKEX JaHHLIX.

B. AKTHBHBIE ¥ MHAYKTUBHEIE CONPOTHUBIEHMUSE
npsimoi (obpartHoil) nocnefoBaTensHOCTH
OAHOMMNbHLIX KaBenbHbIX nunmi (puc. 2-29)

l. Comporusnenus npamofi (obparro) mocienoBarelhb-
BOCTY kalejbHOH NMHUH YTOYHEHHO NOJMKHLL PACCUMTHEBATE-
Cfl C YYETOM BJIHAHAA DKOTEph, BOSHHKAIUIHX ©OT HHIOYETH-
POBaHMLIX TOXOB B mposofsiiell ofonouke, XoTopol obna-
naet xalenb.

3. 4. c., HHIYKTHpOBaHHAs B obonouke Ha 1 kM JJIMHE
OPH TOKE B JKHMJIAX, PaBHOM enlHHue, paBEa CONPOTHBlE-
HHIO B3aEMOMHJ(VKUMH X, MexAy (asHEIMM TIPOBOXAMH H
obonoukolf, a TOK B ©OOJOUKE TPH HAJHIMH BaMKHYTOTO
KOHTYPa paben:

Xm
Sy ——————— -173
o Vot e et
rfe fo6 ¥ Xoo—— aKTHBHOE H HIAYKTHBHOE COMDOTHBIEHHS
obonoyex.



Puc. 2-29. Tpu OOHOKHALHHIX Kabend.

2. BrisBanHbie ToKOM no (2-173) notepu B obGonouxe
I*06706 ynobuee Beero VYHTBIBATL MIPHPALCHHEM AKTHBHO-
ro conpotubienns ¢asHoro nposopHuka, (Om/xM), pas-
HBIM:

X*m? o5
x%06 + o6

B (2-173) u (2-174) akruBHOE CONPOTHBAEHHE OOONDY-

®H Ha ¢aay

Ar, — : (2-174)

Syn
fa3=n (Pf—p%)
rae ps ¥ Pp — HAEPYKHEH ¥ BHYTpeHHHN pamHycs 000/10Y-
kH, cM (puc. 2-29); Syy— ynenbHoe CONPOTHBNEHHe 0060-
JOUKH, paBnoe Jas cBuHua mpu  S50°C  Syp=2,52X
X10-3 Om-cm2 /M.
[MoacraBana arto snaveHuwe Syy B (2-175), monyyaem
{OM/xM):
0,802

708 = (o + o) (Px— P

ConpoTtHBaeHiie B3IaHMOHHIVKUMH X H COGCTBeHHOE
‘CONPOTHBAEHHE Xoo B (2-174) mpakTuu PaBHbI, Tak Kak
ofia onpenenAlnTCs NMOTOKOM MeXny CBHHLOBOH ofosouKof
OHOH (asHl M LEHTPaMH MPOBOJHHKOB JBYX IPYTHX (as.
Tlo ananorus c (2-75) MOMHO HamuCaThb:

(2-175)

(2-175a)

xm::;:x,n,—izﬂ,lflﬁlgﬁ;—, (2-176)

Tae CpeAHe? repMETPHYECKOe PRCCTONHHE MENIY LEeHTpaMH
xabeneh (prc. 2-29)

3
Dep = v DyaD;3D55, (2-176a)

<cpeaHuit paauyc 0GONVYKH
o= --‘-*iéi L (2-1766)

CymMapHoe 2KTHBHOE COTpOTHBIeHMe npamofi (obpaz-
@oR) mocaenoBarenbhocTH Kabeas (Om/uM) ¢  yuerom
(2-174) pasHo:

Xl o6

Ta=rotAn=rq + 57—, (2177

TA€ To6 H ¥m onpemenniorca mo (2-175a) u (2-176); ro—
AKTHBHOE CONPOTHBAEeHHe +<hasHoro BoJ1a Kabens.

3. Tox B ofosouxe Kabeds BAMAET TAKKE HR HHIYK-
THBHOE CONPOTHBJIEHHE Kalelisf, CHUMEA €ro aHadeHwue. ;m
BB3BAHO TEM, UTO TOK B 000JIOuKe MMEeT HATIpaBJicHHE, 06-
PaTHOe MATIPABJIGHHIO TOKa B uje Kalens, M CTPEMHTCA
TakHM ©OpPa3oM OrpalHyHTh MalHHTHBIN TOTOK O0GJNACTHH
mexny Kabenem 1 oGonoukod. CHHMEHHe MHOYKTHBHOTO
<ONpOTHBAEIiNA Kalens MOMHO yunTbiBaTh mo (2-174)

¢ NOACTAHOBKOR B UHCAMTSNE Xm BMECTO Fog. TaxkuM ofpa-
30M, moayuum, Om /xM:

Ax __£’L_

S
MaPHOE HHIYKTHBHOC
{obpaTuoit) nocneno-

(2-178)

Yunroipast (2-75), monyuaem c
COnpoTHBIICHHE XKabensi ans NpsaM
BaTelbHocTH, OM/HM:

L
XEm+rig

rie Dep onpegensiercs mo (2-176a), a pon—mo (2-63a),
MPHUHKMAA s [OAOro WPOBOAHHKA Tpylo mpubmmxenso
k=—=09.

X = 0,145 1g Pm" — (2-179)

B. AkTMBHBIE W MHAYKTMBHBIE CONPOTMBNEHWSA
HYNeBOW NOCNeAOBaTENbHOCTH OAHOMMITBHBIX
kabeneHbiX nuHMiA (puc. 2-29)

1. KaGese ¢ 3zazemnenuofl obonoukofi nonoben BJl
C 3aseMmJyeHHBEIM TpocoM. [lpu @aMubixaumu TOKoBexyelt
XK¥nul Ha ofonmouxy oOpaTHbIM TIPOBOZIOM NASL TOKOB HYyJe-
Bolf MOCJENOBATEJNLHOCTH CJAYKHT Kak caMa 3aseMieHHan
o00/I0UKa, TaK M 3eMAA.

2. Ha pacnpeneneuse TOKOB Mex1y 3emiaelt B obonou-
KO 3HAYMTENBHO BAMAET CONMPOTHBJEHHE SaseMJeHHOH Ofo-
Jnouxn, MoXHO mpeacTaBuTh cefe OBa MPeReabHBIX CHyuasn
(puc. 2-30):

xorna obonouxa xabenn mo Beell JAHHE UMEST XOpoluee
3aseMJicEHe H ToKM (ajHEIX TpOBOAOB BO3BPAILAIOTCH 1O
obonouKam H 3emie;

Korna BeCk TOK BO3BpalaeTcA TONbKO MO ofosoukam
(sToT caysait coormercTBYeT JomymwlenHio 06 OTCYTCTBHH
3alzeMJieHHA 060J104€K BJIOJIb TPACCHI).

3. Oan xaGenbHoR JHHMH € 38semsenHoli 06o0uKoh
MOryT OBITh B OCHOBHOM HCTIOJB30B2HBI pacdeTHBle COOT-
Holuenks, mpHeepennuie B § 2-5 gna BJL. To, uro kalenn
HHaye pacnoJixKer [0 OTHOIEHHID K IOBEPXHOCTH BeMllH,
yem BJI, me BiANger CRONBKO-HUOYObL 3aMETHO Ha TayGHHY
3aneranHa oOpatroro nposoxa Ds. Jlna cocraBnemus pac-
YeTHBIX BHIpaXeHHil paccMaTpHBaeM IBe CHCTEMBl TIPOBO-
nos: cucteMy I— dasneix npobomos [—3 (kmn) n cwere-
my I1-— oBonoyex 4—6.

e

I, @amii ngodod (reuna)

Odangurg
a)
7777777777, 77 T 77777 7 7 7 e
ﬂ I, pameid npofed (scong)
I, odomwa L’
T T )

Pue. 2-30, Tporekanie ToKa npe ofno¢assOM 3aMBIKAHBH
Ha Tpexdaspod NHHHH H3 ONHCMMIBHLEX KaGeneii.

O — 3aMBIKAHHE JXHAH Ha OCONOMKY NPH XOPOWEM 33a3eMIeHHH No-
caeaHel; §— SaMBIKEKHE XHAL Ha o6OJOYKY NpH OTCYTETEHM 3a-
SEMJIEHES nocneaneil,
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4. ConpoTnpJiense BIAUMORBLYKLMY myRepoll nocnero-
patensoctd (Om/xM) memny ¢asHEIME NpoBoRaMM (CH-
cremoft I) r oGonosramm (cucremoli II) onpenensercs mo
(211-100), koTopoe MH.Af - MAHHOTO CAy4as TPHHMMAET BHL:

- o B
ZGM)—0115+N’43512 D{I!-Cﬁ) " »

THE Cpenfiee TEOMETPHUECKOE DACCTOSAHE 1O AaHANOTHH
¢ (211-101)

9 .
D@ms) 3= {D"D;SD,,D“_D“C“D“D“D“. (2-1802)

Brpamenne (2-180a), yunrmpan (2-176a) u (2-1766),
MOKHO GIPHBECTH K BHAIY:

9 3
D {n-06) 35__"' 7’?’ 'c_p’."‘ 1 4 th= Pep.obe (2-1806)

Taxum .00pa3oM, Cpersee TEOMETDHUECKOE PaCcCTOSHHE
MeKny assuMi npoBofaMH W 06omoukaMB Dp_o6. pas-
Ho ?enueuy TEOMETPHIECKOMY Pajuycy OGONOYKH Pop.od.

. Cobcraepnoe conportnenenne Hynesoft nocaenoea-
TENbHOCTH CHCTeMB! 4DasHEIX g?m{m (xkua) ompenens-
ercsl, Xak ana BJI, no (2-76), Om fum:

Zop=rg- 0,164 jO,4351g

(2-15(]?

D,
=181
Pep.n ? © )
e CpepHHi TeoMeTpHUeCKHN PAAHYC CHCTEMH! (POBOLOB
Pep.n OMpepensiercs no (2-77).
6. CoBeTResoe conpoTHBISHNE CHCTEMH 0GOJIOYex TO
ananorun ¢ (2-76) passo, OM/EM:

D g

Zyo6== ros+ 0,15 -} j0,435Ig %;. (2-182)

Buipaxenne (2-182) ¢ yuerom (2-1806) npunmMaer
sug, Om/um:

D,
Zyos=ros+ 0,154 j0,435 1g -—m;—’ . (2-182a)

Us (2-182a) mosxuo yemorpers eBoeoGpasue ofonoyex
B CPaBHEHHH C TPOCaM¥, 3aK/MOYaKineeca B TOM, 4T0 COO-
CTBeNBOe HHAYKTHBHOE CONPOTHBJEHHE HyJeBol nocnenoBa-
TENBHOCTH ©000J0ueK PaPHO HHAYKTHBHOMY COMDOTHBIEHHIO
B3auMoBHnyxiun no (2-180). Yxkasaunoe oGnsicusercs TeM,
YTC MaTHHMTHHE TOTOK, cosgaBaeMEll TOKaMM HyneBOR no-
ClefoBaTeNPHOCTH  ODOJMOuEeK, Me MOMXET He CUeNAATLCA
¢ ¢a3HuMA WPOROAAMM, B CBI3H C UeM OTCYTCTBYET pac-
cefiHHe CHCTEMBL ODOHOYEK TI0 OTHOMIGHHIO K cucTeéMe (das-
HBIX THPOEOMOB.

7. PesyrpTapYyoliee CONPOTHENEHHE HYNEBOH MOCHENO-
BaTeAbHOCTH Kale W LS TEeDPBOTO TPefeJbHOTO Chyudas,
xorza obonouxa xKabens HMEeT XOpoillee 3a3eMAeHde, Onpe-
pensierest mo (2-89), xoropoe AAf PACCMATPHBAEMOrO Cy-
q9as TpHHHMAeT BMA:

2% (n-05)
; an e (2-183)

Jng BTOpPOro TPeNeAbHOIC CAyYas, KOTLa BeCck TOK
thasHHX OpOBONOB BO3BpamiaeTcs Mo OOOROYKAM, MOMHO
2OCTaBHTb ypapHeHNe MaJeHHA HampsmKeHds mo puc. 2-30,6:

56{0 P wn = i 5006*_'[2513—20 m.oﬁ)ljn )
+[2006_ Za {n-06) l;jo =’Izm+ Z, 06:_ Ezn (n.uﬁ].l -'ru-
OTKYZla Pe3ynabTHPYIOIlee CONPOTHBJCHNE
: AU,
Z{ = "'}-_o"=zon+ Zyos — 2Zp (g5 -

Yuneman (2-180), (2-181) u (2-182a), n3 (2-184)
Tarxe noayuaem, Om [km:

Zé‘l’ﬁ) =Zon—

(2-184)

D
; 3 (nof) &
ZER = rutros+ 0,435 1g — =

»

(2-184a)
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B xauecTBe nepsoro npuGamscenus [28] moxkmo mpn-
HATh €pefiee aPHQMETHRECKOoe U3 TIONYYEHHBIX TIPeE/bHBIX
sHavernli no (2-183) u (2-184a).

8. B cayuae mpoknafiKH HECKONBKHX (1) mapaanenb-
HEIX Ra0eNbHEIX JHHMH CNEfVeT TAKKe HCXOIHUTh WS JABYX
CHCTelt TIPOBOZOB: cHeTeMHl I € ancnoM (asHmx mpoBozos
3n w oncremet 11 c umcnoir obojover m=31.

Pacuer NpoUSBONHTCA aHAJIOTHTHO TIPEABIAYIUEMY B <O~
OTBETCTBHH C TpuioxenneMm 211-6.

F. AKTMBHBIC M MHOYKTHBHBIE COMPOTMBREHMS
TREXMUNLHBIX KabenuHbIX nuHMi (puc. 2-31)

. AKTHBHOE W WHEYKTHBHOE COTPOTHBAEHHS RPAMO§
(o6parsoifi) nocrepoBaTenbHOCTH ONPENENAIOT TAK pKe, KAK
aas BJ1, wenonesya (2-75).

£ HYNEBOH TOCJNeNOBATENLHOCTH DaCueT OpOH3-
BOOHTCH AHAJOTUYHO CHyYal ONHOMMILHEIX KabGemeli. Co-
MPOTHBJEHHE B3aUMOHHLYKIHH ONpejensercs, Kak JAf Of-
HOKHNBHEIX wabene, no (2-180), B xoTopoM cpeltee Teo-
MeTpHueckoe paccrosine Dia—ogep PaBHO cpenHemy pajn-
yey 06080YKH pos 0 (2-1766).

HHOE COTPOTHBJIEHNE A8 (asHEIX TPOBOLOB
onpegeaserca no (2-181), a mnn obonouxw, Kak ans TPo-
Ca, . mpepycMarpuBaeMoTo 445 TpexdasHoil JHEMM, 1O
(2-80), mpHEHMalONIEMY 1S PACCMaTPHBAEMOTO CAYYas
BHA:

D
Zyos = 3ros - 0,15 - j0,435 Ig 75—
£ ke,

tre Din—ovye mpunumaerca no (2-1766).
3. llpu n napa/eNbHEX KaOeNLHHIX NHEHAX CHELyeT
HCXOIHTB M3 nByx ckcrem I u II: cucremu 3n dasnux npo-
BOHOB M cHcreMm 7 ofomouek. PacueT npOHSBOIHTCH aHa-

JIOTHYHO mPeAHNYIUEeMy B COOTBETCTBHE € DPHIOKEHHEM
211-6.

(2-185)

. EMkocTb kaBenbHbIX nmMHMMA

1. EmrocTh KalenbHeIx Anuuil 3uauMTencyo Gonbie,
uem nas BJI, B cBgsM ¢ MamRMH pacCTORMHAME MEXKILY
¢dasHLMH TpOBONEMH H 3aseMiIeHHON OOOMOuKOl, a TaKKe
B CBAA3H Ic GOABbIION nusnekTpHYEcKol NOCTORHEOR HSOMM-
pywweft cpempl

Onvomnapupie Kaeny HMEIOT eMKOCTL TONBKO fI0 OT-
HOLUEHHIO XK 3EMJC H He HMEIOT eMkocTel mexay asamu.
EMKoCTh OBHOXHABHBIX Kalelell OIMHZKOBA Inf BCEX TO-
cneposarensiocTell. Jlns TpexsKuAbHLIX Kabenedl eMKOCTR
npsmoft (oOpatHoit) NOCNENOBATENBHOCTH OTAHYAETCH OT
EMKOCTH HYJEBOH TOCJ/IeNOBaTebHOCTH.

2. Pacyer ypeabHOH €MKOCTH KabeabHHX AuuME Tpen-
CTaBJIAET HEKOTOpble TPyAHocTH. EMKocTh Kabenell ponkHa
OPHHUMATECH Ha OCHOBaHHM CIIPaBOMHEIX NAHHBIX.

E. MNpaxtuyeckme ykasanus no pacuery
YACNLHEIX napamerpoe KabenwHuIX nuHMA

1. B rtabn. 2-9 npusepenst sammcreoBaxuble u3 [41]
YOeAbHEIE aKTHBHHE M MHIYKTHBHEIE CONDOTHBAGHHS M eM-
KROCTH mpaAmMolt (06pariol) NOCAeZ0BATENBHOCTH IAA ONHO~
KUJBHEIX KaGeNbHBIX AHHMH pasHux ceuenufi 110—220 kB.

2. I'pyGo npROMDKEHHO MOMKHO TPHHATL CpENHEe WH-
.ug'mnﬂoe COTIpOTHBJIEHHE DNPAMOH  (IOC/en0BaTeNbHOCTH
[42] nnst opmoxumenmx kabesedr 110. xB

x1=0,18 QM}'!K“M.
LIS TPeXKHABABX KaGene# mmxe 110 xB

x1=0,12 Om/Em.

ConporaBienne uyAeB0l TIOCNENOBATENIBHOCTH OpPHEH~
THPOBOYHO MOXHO TpHHATE [28]:
VIR ONHOMHABHEIX Kabeseit

Xo={0,6~—1,0) x,



Ta6nuna 2.9

PacgeTHpie DAHHLG OAHOMWILHHEYX MaCTOHANONHEHHMX
kabenefi [41]

220 xB

3 110 xB
- ry, Omfrn z
; ’ Gy,
(%i-g (eeas) X0 Omjr @,(‘g'.m—e}l x5, OmAc | @i 1078)
i50 | 0,122 | 0.200 | 0.3 | 0,160 | 0,937
T 185 0,099 0,195 0,318 0,156 0,240

240 0,077 0,190 0,329 0,162 0,249
270 0,068 0,185 0,334 0,147 0,253
300 0,061 0,180 0,342 0,145 0,258
350 0,051 0,175 0,350 0,140 0,263
400 | 0,046 | 0,170 | 0,358 | 0,135 | 0,276
425 0,042 0,165 0,360 0,132 0,280
500 0,037 0,160 0,373 | 0,128 0,292
550 0,032 0,156 0,382 0,124 0,302
625 | 0,000 | 0,150 | 0,395 | 0,120 | 0,314
708 0,026 0,145 0,408 0,116 0,324
800 | 0,022 | 0,140 | 0,421 | 0,112 | 0,331

(| -

INA TPeXIKHIbHEIX Kabeaeh
re==10ry; Xo=(8,5—4,6) xy.

3, Xop pacuera TPOAONBEBIX COTIPOTHBNEHME OfFHO-
MHJIBHBIX H TPEXMHJBHBIX KaleJell WIULOCTPHPYETCA NpH-
vepamu 2-8 u 2-9.

2-9. YYET NEPEXOAHLIX COMPOTMBIEHMM B MECTE
KOPOTHOTO 3AMBIKAHMA

1. Ilpn saMbelKaMpEX Mexny ¢asaMM CONpOTHEIeHHE
B MeCTe€ K. 8. OUpeNeNeTCH CONPOTHBJIEHHEM S3JeXTpHue-
CKOR JIYIH rn MexJay (pasamH, a [pH 2aMLIKAHHSX HA S€M-
Ji0 K CONPOTHBIEHHIO AYrH Ho0aBAsSETCs <COMPOTHBIEHHE
ONOpH M 3a3eMJeHHS Fnp COMPOTHBIEHHE ANEKTPHUECKOH
-yrH, KOTOpOi COMpoOBOMKAAETCA OGONBUIMHCTBO mOBpEIXIE-
HYil Ha JMBHAX, TPEKTHYCCKH SBJAETCA UYKCTO AKTHBHEIM M
XEPAKTepH3YeTCA IpajFenToM Hanpsxkenua » gyre 14—
1'2,5 KB (maxc) #a 1 m puumel nyru. B COOTRETCTIBHM ¢ STHM

rp=1050 Iz/Iz, Om, (2-186)

e I — neficrsyromee suavenne Toka 3 nyre, A; Ig — nau-
Ha AYTH, M.

Ilpy saMbXarHn Ha semmo {NEpEKPHTHE THBPJAHIH)
JIRTENBHOCTHI0 4—5 MepHONOB MOKHO B PACUETdX TPHESTH
ﬂnn-n({"nym Iy paBmoi 1,2 IAHHH THPISHpEL :

efyeT, ONHAX0, MMETb @ BHAY, UTO TpH SATHMKHEIX
X 8 RNHHA JYIH [y HMeeT TEHAEHIRIO K ORCTPOMY 303-
pacTaHmio 'BO BpeMEHH (NOX BrusHNEM Berpa u np.), scaed-
CTBHC YEro rpm B COOTBETCTBHH ¢ (2-186) moker cHibEO
YBCAHYHTHCA. :

Puc. 2-31. TpexaxunpHblft KaOelb.

2. ConpoTHB/EHHE Ba3CMJCHHS Ina METAMMHYECKHX B
Keje3006eTOHHBIX ONop B GOAbIIOH CTeNeHH SaBHCHT OT Xa-

paxTepa TPYHTA H €ro BJaXHOCTH, HaJHYHA Sa3eMJEHHBIE
NPO303AMATHLIX TPOCOB M 1p.; COTPOTHBIEHHEM CaMOH OmO-
Pl TAKOLO THIA MOMHO npeHeOpeus, CONpOTHBIeHHE 6a-
BEMJIEHHA METANTHUECKHX H KeJe300eTOHHEIX ONO0p Frn.s CO-
raacao ITVD mpH pasnHUBBIX YHEIBHBIX CONPOTHBAGHHAX
BEMJIH Ys HE JOJKHO OHTh GONbINE CISAYIOMHX 3BaveHnd:
10 O npy s mo 1-10% Ox-cum; i5 Om npu o o1 1-108 po
5-10% Om-cnm; 20 Om mpu Y, Gonee 5-108 Om-cm.

YKAZAHHHIE COTPOTHBJICHHS BSA3EMIANIIHX YCTPOKCTE
ONOP OTHOCATCH K TOKaM TpOMBHIIeHuol WacTOTH TIpH 8a-
mepax B aetHee Bpema. IlpH s1oM pas BJl, sammiieHHBIX
TPOCAMH, Fms HOMKHO HSMEPHTBCA TPH OTCORTHUSHHOM
TPOCE.

Crnegyer yuuTRIBATBH, 9TO OHAUCHHA In.a, YKA3aHHLE
BRILE, € YXyMIEHHeM [OTONHBIX YCJAOBHA MOTYT YBelH-
UHTBCH.

Kapra ynenbHEIX CONPOTHEBJISHHH 3€MJH Ys, TO KOTO-
polt MOKEO ONEHUTH ACMYCTHMHE MO HOPMAM Fn.a IS OT-
JEeNbHBIX paioHoB, JagBa B [65].

YTOUHEHHBIX patyerax CiAefyerT HCXOAHTL HB8 [In.a,
OOMYYEHHEIX HZ OCHOBAHHH 32MEPOB B HaTYpe.

3. Crepyer yUuTHBETE, UTO JUIS JHHHH € MHOTOKPETHO
saseMyenHbIME TpocaMu (B ocuoBHoM 110—1864 xB) conpo-
TUBJEHHE CHCTEMEl ONOPH — TPOCH B MOAABASMIONIEM YHCAE
CAyYaeB dte TPeBOCXOJHT Ox. [laa nuaué 220 kB #
Boilile, f1ff KOTOPHX TPOCH paspedadsl Ha OTAEAbHBIE
YYaCTKH, TPHYEM KazKIHH TPOC 3aseMieH © OJHOTO KOHUA,
a ¢ APYroro KOHNA YCTAHOBJIEH WCKPOBOM NPOMEXYTOK,
COMPOTHBACHHE s YBEMUNBAETCA.

B katectpe npuMepa MOMXHO yHasath, YTo Ha OCHOBA-
HHUH RaMep0B COUpOTHBJEHHE sadeMsenns onopsl BJl 500 w
330 ®B, TpoHIBOAHBILEXCA B #e! BIX paiioHax eppomedi-
ckofi yactn CCCP sa nepuon < 1960 mo 1972 r., ycranos-
JEHO
nas mwaai 500 KB BepoATHOCTb TOTO, YTO rrs8 Ow,

papna 0,995;
nas pwEl 330 kB BepoOATHOCTH TOTO, UTO Mu.a<<9 Owm,

paena 0,998,
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Prc. 2-32. Koporkoe samuKanne yepes HePEXONHOE CONpOTHBIEHHe,
@ — MCXOJIHHE CXE€MBI ANA PA3IHBIX BHIOER K. 8.; 6 — cxeMbl OTHEALHEX TMOCASHOBATEARHOCTN.
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Puc. 2-33. Kopotkoe sambikaHHe Yepes HECHMMETPHYHO
BEJOUCHHOE NepexonHoe CompoTHBIEHHE,

 — NEPEXOIHOE COMPOTHENEHHe B OAHOf M3 noBpeXIenubx ¢as
papHO HYNO; 6 — OPHBENEHHE BRAKYEHHS NEPEXORHMWX CONPOTHE-
JleHHil mo pue, 2-33,4 K BKAIOYEHHIO PaBHEIX conpoTHEMeHHf Fy BO

BCe TPH (askl W KONOJHKTENBHOTO CONPOTHBAEHHR — rpy B dasy B.

B nexoTopeIX caryuasx saMbiKaHs Ha seMai0 He CBf-
3aHHl € TepeKpPHITHEM HAH npoboeM H3ONALHM Ha OnOpe,
-4 AMEHHO TIOBPEeKJEHHA ¢ [aJeHHEM MpPoBOA2 Ha 38MJI0,
TIEPEKPEITHEM HA JIEpEBbA H ID., IPHYEM CONPOTHBJIEHHS
BaseMNeHHA B STHX CNyYaAX MOryT AOCTHTHYTE COTEH OM.

4. JIpn TIDOM3BOJCTBE PACYETOB TOKOB K. 3. MPHHAMA-
©TCA B KAYECTBE PACUETHOTO CJAYYaH DABHEIX NepeXofHbIX
conporeBieHuil B gasax B mecte k. 3. Ilpu arom sipencras-
JIFETCH BOBMOMHBIM YSHTHIBATH <Da3HBE Nepexoaebie Co-
TNPOTHBIICHNS K&K CHMMETDHYHLIE SJEMEHTH CHCTEMb
(pre. 2-32,a). CoorpercTBylolllue cxeMbl saMelleHds OT-
JeJbHEIX TOCHeN0OBaTeNBHOCTeH IOKasaHbl #a pue. 2-32,0.
Tipu Tawom monmxopme nnA K. 3. Yepes TePeXofHOE CONpPoO-
THBJIEHHE FPAHHYHEIE YCAOBHA CIELyeT OTHOCHTL He X fef-
CTBETEIBHOMY MecTy K. 3. (rouxa K}, a x mouke K Ha
puC, 2-32,a0.

5. B [eficTBHTENILELIX YCJAOBHAX FBISIOTCA BEPOATHHL-
MM TPH 3aMEKAHHESX MeXJy TpeMs (azamu ayrosee mepe-
KPHITHA JABYX Kpaluux (a3 Ha cpeasioils, 2 UPH 3aMbKa-
HHAX ABYX $as Ha 3eMJI0 PABEHCTBO HYJMO OAHOTO H3
asunx conpotHeaenuii (puc. 2-33,a).

Hecummerpiutoe BKIIOYEHHE CONPOTHBJAEHHH N0 PHC
2-33,0 moxer OLITH NPHBEJEHO K CAMMETDHYHOMY BXHOUE-
HHIO. CONPOTHBIEHHA Bo Bee TpH (askl NPH RONOJIHATENIb-
HOM BKJIOYEHHOM CONDOTHBICHMH fnx B OAHY #H3 (as, Kak
TIOKa3aHo #a PHC. 2-33,0. Jlnsa 3TOH CXEMH HCOOMB3YIOTCH
METOAB BHIYAC/CHHA TOKOB K. 3. fIPH HENOMHOQABHLIX pe-
JKHMAX.

6. Yuer nepexofHHX CONpOTHBAEHMI ® MecTé XK. 2,
(kaK H JPYyTHX AKTHBHEIX COTNPOTHRIEHHH paoyeTHON CXe-
ME) HeoOXOAHM TIPH YTOYHEHHEIX PACYETaX TOKOB XK. 3, JJIA
1eseil penefiHONR 3alIATEL

Ilepexonreie compoTHBAENHA B MecTe K. 3. MOTYT 3Ha-
HHTEJBHO NEe(OPMHDOBATL BEKTODHBEIE AHANPAMMEl HampH-
xenpfi Ha yuacTKaX, GJHSKHX K mMecTy ¥. 3. [1]

7. Tlpapumbsas OlleHKa 3HAYEHMH NEPEXOIHBIX COMPO-
THBJEHHH B MecTe K, 6. 0COGEHHO- BalKHa NPH MCCJACI0BAHHA
PAla THNOB 3AIUAT, HA NEHCTBHE KOTOPHIX NEPEXONHHIE CO-
TIPOTHENEHHS MOTYT OKA3aTh SHAUHTENILHOE BJHAIHe (B mep-
BYI0 OY€pelb 5TO OTHOCHTCH K AHCTaHIHOHHEIM 3aiHTaM).
‘OpHako mpH TIPOHSBOACTRE YNPOWEHHBIX Pacueros TOKOB
K. 3. (HanpHMmep, B YCNOBHHX MPOEKTHPOBAHHS PeyeitHof
SAIHTH) AOTIYCTHMO He YUHMTLIBATL BJHSHHE TIPEXONHBIX
WONPOTHBJICHKIT H3 3HAYEHHS TOKOB K. 3.
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2-10. OCOBEHHOCTM PACYETOB TOKOB KOPOTKOIO
3AMBIKAHMS! HA CYOPOHAX BLICLIETO M HM3LIETO
HANPSYKEHWH TPAHCOOPMATOPOB C COE[MHEHMEM
OBMOTOK Y,/A-11 [PHC. 2-34,0)

A. COOTHOLLEHHS TOKOB U HANPSINEHWH
C ABYX CTOPOH TpaHcopmarTopa
¢ coeguuerHvem obmotok no cxeme YofA-11

1. CooTHOWIEHHR TOKOB M HANPANEHHH ¢ ABYX CTOPOH
Tpancopmaropa mpy XK. 8. TPebyioTca AJS OLEHKH TIOBE-
Jenms penehuofl samure. HHEKE paccMOTPEHB! 3TH COOT-
HOLIIEHHH FPHMEHHTENBHO. K Hawbosee 4acTo BCTpPEualolle-
;qéia coeflunenHIc ofmotok no cxeme YofA-11 (pHC.

-34,0).

ToKH H HaupsXeBHs Ha Kaxrof Wa cropon Tparchop-
MATOPa MOrYT OLITh BHIPAKEHRL! Y€pes COOTBETCTBYIOLLLE
BEJHYMHB Ha Jpyroil cTopowe TpanodopmarTopa, KaX noka-
saHo B Tabn. 2-10 gas caydaeB K. 3. HA CTOPOHAaX 3be3fibl
H TpeyroJbHHKa TpaHcpopmaTopa.

2. B tabn 2-10 naHsl BEpAXEHHA JJIA CyMMapHbIX
A3HBIX TOKOB TpAMON # OOpaTHON MOC/IeNOBATE/MbHOCTEH
12 (NpH HeyweTe TOKOB HYA€BOH NOCHELOBATENLHOCTH L)

Toxn [z mpeacrasasior coboft nosnbie dasHbie TOKH
B ClyyasX, KOIJia ©OCTABARIOIME HyJIeBOH FOCIeZ0BaTe/lb-
HOCTH o'rcy-rc'ra?rm.

B tabn. 2-10 cooTHomenHs ANs TOKOB B TMEPBOM CTOJIG-

Lle EBHTEKAlOT H3 pacCMOTPEHHA CXeMbl No pmc, 2-34.q,

Dbpamras nocaedobamentsocme

lpamas nocaedobamenorocme

&)

Puc. 2-34. Coorxollents nia HaUPHXKeHU#t W TOKOB C IBYX
cTopoH Tpancthopmaropa Yo/A-11.
a-— pscnpenenelne ToKoB B oOMoTHax Tpaucdopmaropa; 6 — Bex-
TopHay JAuarpaMMa (asubix HaNPEMKEHHA OTHOCHTENBLHO ueftrpaan
CHCTeMBb f}m u semmu U (Uq_,:- HanpseHHe WYJepod NocnenoBa-
TeABHOCTH); @ — BEKTODHEIE HHArPaMMB! Hampsixeduli u ToKos.
TlpumegaHus: 1. Jln® cTopon TPeYrof:bHHKE 3RaveHHs oT-
MeueuEl WITPHXOM CBEpxy. 2. Ha pue. 2-34,0 F oGosHawaer manps-
menne U mna Tox I '



5 TpetteM cTOnOie BHBOASTCS C MOMOIULIO COOTHONIEHWH
nepBoro cronfua caenyrommM ofpasoM:

(f4—1p) -—_'(fc—f,q} Pt
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- yop—Tyop) — Uyoo—I1pn) 31194
= = s -18
Vs Vo b 218
OTKYLa
2 j'A-— !’C
Iigp= —Vé’;—k-:— v (2-188)

B (2-187) yureno, uro
lisa-Hisp-Hl1ze=0.

Auanoruyio COCTABAAIOTCE BHIPAXKEHHs [JIsl  TOKOB
Lz u lze.

Jnf «ORTPONs pacnpefieieHHs TOKOB ¢ OOGEHX CTOPOH
TPaHCHOPMATOPE MOMKET OK&3aTbCA TIONEIHEIM ONpeLeNHTh
TOKH BHYTPH TpeyrodbHuka tpanchopmaropa. CyMmmapHbe
TOKM TIpEMOW ¥ ©0OpaTHOE MOC/NeNOBaTeNbHO BHYTPU
TPEYTOJBHHKA CBfISAHEI C TOKaMH Ha HusLel CTopoHe
rpanchopmaTopa COOTHOWEHHAMH:
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3. B rabn. 2-10 paHel BHpameHMs I CYMMapHBIX
¢daanbx HampsmxeHHi npamoll ¥ oOparHOR moOCIELOBATE/b-
- Hoctrelk Ugey=U12 %/ W HeyueTe Hanpsikenut xynesofi To-
CIeOBATENRLHOCTH “? Hampsxenna Uwgr) DPENCTABAAIOT
cofoit (haseple HANPSKEHKA OTHOCHTEILHO HYNeBOH TOUKE
CHCTEMBL (T. €. OTHOCHTE/IBHO MCKYCCTBeHHO# HyneBod TO4Y-
KM, COBNAjaoiel € LEHTPOM THMECTH TPeyTOJNbHHRA MEeK-
LyhasHLIX HanpsikeHuil). B pexuMax, KorTna CcocTaBndio-
ilde HYJeBOR MOCJEJOBATENbHOCTH OTCYTCTBYIOT, Hanpske-
HUE Uyzy mpencTasasior cobolt Toskble (as3Hbie Hanpsame-
HHA OTHOCUTEJBHO BEMJH.

Ha prc. 2-34,6 nokasanp Hanpsokends (as oTHocH-
TeNbHO HyJeBofl TOYKH CHCTEMbl H SeMiH mpu Hajuuun U.

4. BuipayeHus JUIs CyMMapHpiX (asHBIX TOKOB H Ha-
npsoxenalt npsiMolt ¥ o6paTHOK notaenoBaTenbHoCTER uepes
HX CHMMETPHUHBIe COcTaBifiolne (ta®i 2-10) onpenens-
10TC ¢ YUETOM TOr0, YTO TIpM fepeXome €O CTCPOHBI BHIC-
IIerp HanpPSIKeHHs yepe3 TpaHchopMaTop CO CXeMOH COGAH-
wespit Yo/A-11 cuMMeTpHuHEIE COCTABIAIONIHE H3MEHSIOTCA
crenyiomiuM obpasom (puc. 2-34,6):

BEKTODH NIpHMOl NIOCAEA0RATENBHOCTY MpeTepuesaloT
noBopoT Ha yron —-~30° (B cTOpOHy BpalliehHs BeKTOPOB —
npotue uyacoBofi cTpenxu), a obparnoft notlenoBaTeNLHO-
cTH —Ha yron —30° (B CTOPOHY, NPOTHBOTONOMKHYIO Bpa-
uieHmo BexTopoB) (puc. 2-34,6 u 6);

NpH Tepexole Co CTOPOHH HH3LIer0 HANpPAMEHHA Ka
BHICIIYIO CTOPOHY CHMMETDHUHDbIE COCTaBNAIOILKe mper?ne-
BalT MOBOPOT B 00paTHYi0 CTOPOHY — BEKTODHI JIPAMOH TO-
u's%ag —30°% a ofpareolf nocnelioBa-

cllefoBaTeJEHOCTH Ha
TENbHOCTA — Ha YTON

B. K. 3. Ha CTOpOHe BhHICLUETO HANPAMEHUA
(co cTropoHel obmoTkK TpaHcopmarTopa,
BKNIOYEHHON B 3Be34Y)

TlpH pacyerax TOKOB K. 3. BA CTOpOHE BhiCIlero Hanps-
MEHWs YCJIOBHO MPHEHMAIOT LJIA NOBbHUAOMNX Tpancdop-

MaTOpOp CcXemy «coenyneHufi Y/Y-12 B3ameH cxembl coelm-
neus Y/A-11 (vernyio rpynny BaameR HeyeTHoft). 310
OSHadYaeT, YTO 5. M. C. IEHEDHPYIIIHX HCTOYHHKOB B pe-
HuMe, NpeniecTBYOMEM K. 3., Ha {TOPOME BLICIIETD Hanps-
JeHus npuHuMawrTcs Ges y4era yrna, oOycaoBhAeHHOro
IpHMEHEHHeM TIORBIIAIOIUMX TpaHchOPMATOPOB C COeluye-
Hvem obmotox mo cxeme Y/A-11. Ilpw sroM B. g, €. rene-
PHPYIOIHX HCTOYHYKOB OTCUHTBIBAIOTCA MO OTHOMEHHIO
K OCHE BEKTOpa HanpaxeHuH ¢ HawaabHOW «pasoi Ha cTopo-
He BHICIUErO HanpfimxeHus. B cOOTBeTCTIBHM C STHM TOKH H
HampAXKeHUA MPH K. 3. Ha {TQPOHE SBLICLIEre HaNpAMEeHHA
OTCYMTHIBAKOTCA 1O OTHOWUEHHMIO ¥ Yxaldahuofi ocu Hamps-
WeHull ¢ HayanabHol Gasok.

B. K. 3. Ha cTopoHe HM3LIEero HanpsKeHus
(co cTopoHel o6moTkM TpaHchopMaTops,
BKNIOYEHHOM B TPEYronbHMK)

1. I'lpu PpacueTax TOKCB ®. 3. Ha CTOpPOHE HH3IETo Ha-
IpSXKeHHA LeaecooGpa3He  YUHTHIBATE YKA3aHHEN BEILE
YCIOBHO  WPHHHMaeMblli DacyerHbll pexuM, B XKOTOPOM
%a‘fui?opmampm TPEATIONATAIOTCA €0 CXeMOH BXJIIOYEHHd

Cmanyun I
215/35K8 y, 9/53n8 63r8

Imangug I
m5x8  225/10518

Q—C=*

Z55 KM

280MB'A ZE5MEAS 220MB-A 1300MB-A 1406MB-A
T =8Z5¢c. Z20KB B 7}5"”25
= T =
Foap1, 197 &) Ty Pl 30
G0S Gnnzp)
Xpor= J 6,086 Upy=0,90/3°50"

Ep=1037 [11°
 |a0sr+ .1 0,068

6]

Eg=1053/i1°
4031t j 4065

6)

I JO036  Oovz+i0210

i

Puc. 2-35. Mcxonnasi cxeMa W CXeMbl 3aMEIEHHA LR pac-
yera TOKOR K. 3. B Touke K nas =03 c (k npumepy 2-1}).

& — HCXOpHa® cxXeMas 6—-(!!([‘.5’[3 BAMEeHHA Ha HOTO pexm—
Ma: §— TO e NPAMOA mECIeLOBATE BHOCTH {f-E): 2-—To HKe
ofpaTHol! RMOCNENOBATENBHOCTH; O —TO 3IKe HyJaesof nocnefoea-
TeIBHOCTH.

Mpumeganne CoONpOTHEASHHA JAKEl B
exmHMUax OpH Sg=200 MB-A H Ug=220 xB

OTHOCHTEJILHBIX
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Tabaruna 2-10

CooTnOWENHs] TOKOB # Hanpmiendil ¢ JBYX CTOpOH Tpamncdopmaropa C cosmHeHwem obmorok Y,/A-11 (puc. 2-34, a)

K. a. ga cropose TpeyroJkenka

K. 2. Ba c1opoHe aBeznbl

CooTHoNIeENSA N1 TOKOB

CooTHOLICHAS, A HAnpsKetd

I,—1 , :
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1198 L o€ I"105 = (a%h 467 +-
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Mpavewansa: 1. Benawns B2 CTOPOHe TPeYTOMBHERA OTMENCHH WITPIXaVH (pec. 2-34, a). 2. CooTHome s AJs TOKCE B panpaKernt! KaHs AR

RACEALHOTY TPaHC!

a mpH Z,=0 M TOKe HaMAMHHMBAHUT, PaBHOM ByJAK. 8. KosQduuHeHt TparCGOpMBIEE F,—CTHOWErNe mex Ly (Pam bix Hanpi-

merli I:’Eﬂfﬂ IIDH XOA0CTOM X0z, 4. Tio B O(uﬂ —CyMMapHble (E8Hbe TOKH H EEnpsoxerys npamoll m cGpathol nocnenonarenbHocTel.

B cooTBeTcTBEM € 3THM I8 yuera JNeHCTBHTENBHOTO
coepuneuns tpanobopmaropd no cxeme Y/A-11 meoGxomu-
MO 3. Ji, C. FeHepHpYIOW[HX HCTOMHHKOB F, yuninBaemux Ha
CTOPOHE BHICIHErO Hanpsu:KeHKs TpaucopMATOPOB, MOBEp-
HyTb B CTOPOHY BpalICHHs BEKTOPOB NPSMOH MOC/EnOBa-
TeNsHOCTH Ha yron —+30° T.e.

E'—Lei®, (2-190)

roe E’ — pacuetnas 5. L. €. MPH K. 8. Ha CTOPOHE HHAILIETO
HaNpAHKEeHHs,

Vuer 5. n. ¢. mo (2-190) npusomur X TOMY, 4TO Bee
paccuMTaMHHe TOKH H WaNpH7KeHHs] OT/eabHHX nOoCneioBa-
TeJbHOoCTell TPH K. 8. Ha CTODOHE TpeyrosbHHKa TpaHchop-
MATOPA COMNEPIKAT JONOJHHTEAbHEIH MHOKHTETL €390,

2. J{ns OOHOTHIHOCTH PACYeThHl TOKOB K. 8. Ha CTOpPOHe
TPEYTOMbHHKA MOTYT TIPOH3BONMThCH KaK Ha CTODOHE 3Be3-
ge Tpanchopmaropa, T. e. Ges yyera noBopota 8. A ¢ Ef
no (2-190) na yron 30°, Wo MpH STOM CIELYET HMEeTb B BH-
Ay, YTO B ToOJyYeHHHE Pe3ynbTaThl pacyera aas oCecmede-
HHA. OTCYTA OT NPHHATOH HAYaNbHOK OCH BEKTOPOB &4
CTOPOHE BLICHIEro HanpsAMeHuss TpeCyercs JONOJHHTENBHO
BEONHTb MIOHKHTENb €73, 510 B 0coGeHHOCTH BaxHO WPH
COBMECTHOM aHalH3e¢ Pe3yNLTATOR PacyeToB K. 8. XaKk Ha

60

CTOPOHE BHIOMIEro, T28K H Ha CTOPOHE HHMIEr0 HalpHe-
Hus TPaHchOpMETOPA C COENHHEHHEM OOMUTCK [0 CAEME
Y/A-11. L

3. OcofensiOCTH XOMa pacueTa MPHMEHHTENbHO K aBTO-
rpanchoPMATOPY HIMIOCTPHPYIOTCH HHMe mpumepom 2-10.

2-11. NPUMEPEI PACHETOB

MNpumep 2-1. TlpouapecTd pacuer TOKOB oAHOMazHO-
ro 3aMBKaHuA Ha semJio B touke K pas momedTa BpemeHn
=03 ¢ B cxeme no puc. 2-35,a. Pacyer MPOHIBOLHTCHA
B OTHOCHTEJLHEIX @JHHHIAX.

32 6asHCHYI0 MOMHOCTH NpuMeM Sg==200 MB-A, 6a-
aucHoe HanpmxkeHue Ugs=220 wB. CxeMa samelleHHs Ha-
rpysounoro pexmnMa gawa sa pue, 2-35,6, cXeMH gameille-
HAS npsMol, obpaTHOM H HY/NEBOH nocienoBaTeNbHOCTEH —
Ha puc. 2-35,6—0 1.

Tlopsinox pacuera:

1. CobGeTReHHbEe H B3aHMHLIE COTPOTHBACHWA Iis [==0
onpenennioTea no npheefeHHEM B § 2-3,B coorTHomexHaM.

1 Yenoses DPIMEDE M CXEMBl 3aMelleHHs OTAEAbHBIX [0C
AcoBaTensuocTell saEMcTBOBeHE B3 {23). -



Ilpy sToM mcxoawm M3 Halimennoro ¢ nomollklo SBM TORO-
pacipeneneHus B KOMIVIEKCHOHM CXEME 3aMelleHns, COCTaB-
Jenno# Anfl opuodasHore 3aMHKAHEA HA SEMJIO TIO Cxe-
MaM samemieHHs puc. 2-35,6—3:

Zy 1==0,432 £88°30"; Zryu=0,131 L5845
Zy1=1,29 £99°10".

JlonoanuTenpite yramn CofCTBEHMHHX M B3AaHMHHX CO-
. IPOTHBACHHA:

o 1=90"—88°30'=1°30"; o 1;=90°—58%45"==31°15";
o 11=90"—99°1 0'=—9°10".
2. Tlpupenernas MOCTOAHHAN HEEDIUHH cornacHo (2-22):
Typl 8.25.112
o st —7.7c.
7 Tu+Tin 8,254 112

ﬁpnseneﬂaaﬁ MOIUHOCTD NEPBHYHHIX JABMraTenest co-
rnacno (2-24):

) T i2
T ey e (e e T
Sl o Eyf \

L Tn + Tjr“ PRQU_ 7z I -Sfl'la“ II)E

112 1.215%
=190,%8 (‘ 197 — —g g5 sln 1° 30’)_

_ 8,2 E
~s03 875 — 5 or-sin 31° 45') = 1,05,

AMIVIATY7Ia YIOBOH XaPaKTEPHCTHKH MQIUEOCTH, NpH-
BesienHad K 0asHCHON MOMIHOCTH, Mcxons u3 (2-25):
ENE"y 1

Zin  Tpt+Toy

XV T+ Ty + 20T gy cos 26 1=

_1,215.1,037 1 : 4
120,78 ¥ 8,25% - 1122 + 2.8,25- 112X

X

b ==

1,29
¥ cos2 (—9°107) == 0,973.

Py o 1,06
3. MNapamerp T = . 0 975 =—=.1,09.

. pubavoxenno npuiumaem T'=1,10.
I'lpnaenenane BpeMA JIAd MOMEHTa f—-{),B € COrnacHo

z_tl/‘“"P“ —-0:3]/3“lﬁ =1,89.

4. Onpenenenre HaqaJbHOTO yriia Mexay 5. A. C. Te-
HepaTtopor cTauumi I u Il
B cooteerctnnu ¢ (2-23)

8,25 — 112
¢ = arctg [m tg (— 9'10"}]

Ucxons us prc. 2-35,6 Yroa Mexgy 2. A. C. TeHeparo-
poB cpauunﬁ I s II B npepmectsyomey pexuue:

Or 11=389—11=28°.
Havansuui yron B coorsetctBrh ¢ (2-21):
Og==01 r1-Hp==28-]-8==36" (3in §o=0,6).

6. Ilo xpuBHM mpeseannoro Bpemenu (puc. 2-8,) ma-
xopum ans =0,3 ¢ nput=1,89; T'=1,1 ¢; sindy=06 yron

ap =

Vron MexXKAy 9. A c. reHepaTopor crauuwmi I u [f
&1 1r1=Bup—1p=—88-8=80°.

6. Inu reseparopos craupyu I (pwc. 2-35,0) ¢ Heko-
TOpEM NpuOIHREHHEeM IPHMEM pacieTHHE 3. . C. M CONpo-
TuBNeHne paa f=0,3 ¢ no kpuBHM pHC. 2-6:

Eu=1,32; %1=0,35.

Tlpu npuBenesun K OasucHEIM ycloBesM no (1-9) u
[l-lOa]; Oy HM:
10,6 225
E,[@ =1,32. %0 0.5 = 1,35;

10,5 \2 200 /995 \*
g, = 0.50: ( 220 ) “"280 -(10,5 ) 0,20,

Hnn renepatopos cranuuu Il yuuTHBaeTcs OTIHYHE
napaMeTpOR TeHePATOPOE OT THIOBHX, MPHEATHIX NpH TIO-
cTpoerdy KpHBHX Ei=[(f) u x;—f(f} Ha puc. 2-6. B co-
OTBETCTBHE € 3TUM CJELYeT HCXOJHThL H3 KosduIMeHTOBR
Ort H Ozs; 1O PHC. 2-6 naA £=0,3 ¢ nonyeum: Gg:=0.96;
O.¢=—0,93

Haxonnm snavenus x”qrr, Xarr, E"rx ¥ Equp.

CrepxnepexoHoe ¥ CHHXPOHHOE COMPOTEBJASHHS ICHe-
patopoB craHuen [I, mpHBeCHHLe K Ga3HCHHIM YC/JIOBHAM,
HCXOAf H3 HOMHHAJLHHX 3uaveril X" =017 ¥ xa11=1.7
B cooTeeTcTEHH ¢ (1-10a) pasHm:

" 0.17(8:3) 200 85\ 215\
*aire) = 01 (2-20)- 1400 ( 6,3) ( 3 )“
=0,0234;

6,3 200 35 \2 ¢ 215
Xan(6) = ‘-7( 29,0) -~1400 6,3) T 3
=0,234.

Tox remepatopoB crarumm Il B npepiuecTBywonieM Ha-
rpysouriom pexume (puc. 2-35,6) npu GasuCHHX YCJIOBHAX
= B —Our
RO % an1
1,037 £11* — 0,90 / 3°50"

0,029 /90°
Ceepxnepexoanad 9. A. €. B NPEAIECTBYONIEM Harpy-

30YHOM pEXHMe NpH lSaaacnux YCIOBHAX € ydeToM
Loauey=6,3; Uearey=09 H @r1r=245° (c OKpyraieHHeM):

Eff1 6 =V (0,8:0,71)7 5 (0,9-0,71 + 6,3-0,0234)% =1,01.

r

= 6,3 £41°30".

CHHXpOKHas 5. J. C. renepaTopoB craHime II ¢ yuetoM
KpartHocTd (opeupoBkn k=18 npu woMMHANBHEIX yeno-
mizn; (Uﬂr-—l(] fer1=1,0 ¥ cos @anr==0,8) no aHasoruu
c

E gt =-1 aV(I 0-0.8F + (1-0,6 4 1-1,7)>=4,38,

a piaA npHeepenua K 6asHCHHEM YCIOBHSM
6,3 3% 215
== 4,28.

E = 4,38.

oupl 1 {6) 220 "\ 6,3 - 3

B cooTeercTBHH ¢ HafifeBHBIMH 3HAUEHHAMH NapaMer-
poB no (2-9a) u (2-96) onpemensewm:

Eirney=4,28—(4,28—1,01) -0,96==1,15:
xsni0y=0,284—(0,234—0,0234) -0,93=0,056.

Hanshefimmii pacuer TOKOB M HANDSKEHMH OTACAbHLIX
nocsenoBaTensHocTell NpH onno(paanou 3aMBIKAHMH Ha 3eM-
JII0 TpoBoaMica Ha IBM.
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PesynsTarel BHMECTEHHH NpHBEAEHH Ha pHC. 2-36. U3

pacuera BHAHO, uTO NpH #=0,3 c manpskenwe fa BuBopax

reHepaTOpOB MeHbIlle HOMHHAILHRIX HalpAKeHHH, TOSTOMY.
JLOTIONHHTENBHHI pacueT He TpebyeTcs.

Hpumep 2-2. CocraBHThL CxeMy SaMeIlEHHS TNpsMOil
(oGpatHoit) ® Hynesoit nocregopaTensHoCTE AJIA TPYDNLI
Tpex OAHOGhA3HEIX TPeXOOMOTOUHBIX: maac@ggw&a'rb o8 06-
et MouHocTsio 270 -MB-A, Hanpsxeunem ISQ}I)“B,S kB
IpH paclienyieHMH Ha [Be Ueny o6MoToKk 89 u 138 kB
(puc. 2-37,4). TpancdopmaTop OCYWIECTBISET CBHA3L MEXAY
nepepavefi MOCTOAHHOTO Toka M cucremoin 220 kB mepe-
MEHHOI'0 TOKa.

KoHCTpyKTHBHO TpaHC(QOpPMATOP BHIIONHEH B BHAE
III-06pasuoro MaruHTONpPOBOAA, HA KPaHHHX CEPAEYHHKAX
KOTODOr0 PachoNoKeHs IBe TIPynne emefi OGMOTOK, Kak
noxasaHo Ka puc. 2-37,6.

B pacuere yuMTHIBAKTCA TONBKO DeaKTHBHHE COIpPO-
THpjaenns.  CoNPOTHBNEHMSN, OTHeCeHHHe K MOIIHOCTH
270 MB-A (npu HepaculelyeHHBX OGMOTKaX CpeaHero M
HH3Wero HampHKeHHIt):

X10=0,17; x,2=—0,28; x2.=0.1.

ConpoTHBAeHHS OTACABHEIX 06GMOTOK N0 SKEHBANEHTHOMH
cxeMe samenlesns TpaHc(opmatopa B BHpe sBesnm (mpH
HepacllenMeHHbx 06MOTKAX) MNA OTHeNBHEIX NOCHEfoBa-
TeJbHOCTeH: ]

0,174+0,28—0,1
Ky == 9

0,1740,1—0,28
Xpg = 5

=0,175;

= 0;_

0,284+-0,1—0,17
Xgz = 2

=0, 105.

2,805+ 6298 L3BI+jL428  LIFB+jLIIZ  3,627-]6.348
lg29s+jq338|. [035%—jo0z7| [4785—0,18¥ ]
1 2 3 gt

135,80° IQZ?E*E‘QEM'

m
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L quall .
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we05 =

l—

Lox= 18~ 1231 -j5o08
0874~/ 4602 g6¥z—jOW63  GEST-jOSTY  0335-jaEd
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Puc. 2-36. Pacnpeseiresde TOKOB K HanpsXeHHil OThesNb-
HBIX TocnejoBatesbiocrell B cxemax no puc. 2-356—0 mas
t=03 c npu opHofa3HOM saMbIKaHHH Ha s3eMmo (K. IpuMe-
py 2-1). _
a—cxeMa saMellleHHR TipaMoll NMocnenoBaTenbHoCTH; 6 —To  MWe
- oOpaTHoft TothenoBaTenbHOCTH; & — To e Hyaenoli mocremopa-
TeXBHOCTH.
MpEmMegauEs: 1. Crpeaxamun oOG03HAaYeHB! TOKH K. 3.
T BETDSX CXeMBl, HANDAMNKEHHR OPHRENEHEl B NPSMOYTOABHHKaX.
2. ToKH M HaNPSIKEHHS NPHEENEHH B OTHOCHTE/LHBIX EIHHKLAX NpH
Gasmcxoll MoHOCTH Sg=200 <A u GasuCHOM HANDANCEHHH
220 kB.
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I Hy Ej_ } i Ly Hp |
1 I ¢
| | !
13,648 eonp | l
" I
\ il |
L X a4

I-5 zpynna P 2-A zpyhag
230KE
[

Xp=0,38
x,;,tﬂ'

S— —
() 13, 8KE &) (2) 13, BKE

Purc, 2-37. CocrapreHHe cXeM SaMEWEHHs npsMoi, o6pat-
noli w HYJIEBOF{ NocjeAOBATENLHOCTEH Tpexoﬁnwouﬂoru
TpaHchopMaTopa ¢ ABYMA paculelJieAHHMH 0OMOTKaMH
(x mpumepy 2-2). i
a0 — cxeMa BKMOYeHus TpaHchopmaTopa; O — pasMenleHHe Lemeii Ha
JEYX CTEPIHAX rpancd:opmwn?'a: 8 — cXeumw zamMellenus (I} mps-
Mol (obpatnofl) w Hyxaesoft (2) nocnemopaTenvHocTel.
ffpHEHMegaHue CoONPOTHBIEHHS — B OTHOCHTEABHEIX ENHHH-
uax mpH Sg=270 MB- A,

Kax BHjHO, cOnNpoTHBJIeHHe OGMOTKH CpeaHero Harnpsi-
MEHHSl Xop B CXEMe 3aMelIeHHH IPHMepPHO PABHO HYJNIO
BBHLY pacliONIOXEHHs STOH OOMOTKH Mexay O6GMOTKaMu
BHICILIErD M HHSWero Hanpsoxenmii. Kak oOTMeueno Bhiure,
NpH NpeHeOPerKeHHH NOTOKOM PACCEAHHA MEMAY TPYNNaMi
06MOTOK, PACIOJIOMEHHEIX Ha PasSHBIX CTePIXHAX, MOXKHO
IPHHATL JJIR paccMaTpHBaeMoro tpaHcopmatopa ¢ pac-
mennesHeM o6GMOTOK CPENHEro H HHSIIErO HaNpsiKeHH
(puc. 2-37,a) cxeMy saMelieNHs B BHIE jIBYX 3MEKTPHYECKH
CES3AHHBIX CXeM, COCTABJCHHHX [JH ABYX rpynn ueneft no
cxeme puc. 2-37,6, Tawam cxemMa 3aMellEHHA aHaJ/OTHYHA
cxeme 1O puc. 2-13,6 npy pasLenHHEHHH nBYX Uenell cpen-
HEro HanpsXeHHs, NMApaMeTPE KOTODOE ONpeNcAsioTcst no
(2-50) npr yuyere TONLKO PEAKTHBHBIX COTIPOTHBIEHMIL

Xg1=Xpe=2%5=0,35;
Xegl =xgg=2x¢=::0;
Xm1=Xng—2%s=0,21.

CxeMm saMenienHs Npsmoit (06pathoi) W HyneBof TO-
CJIe0BATENBHOCTH faHu Ha pe. 2-37.8.

Npumep 2-3, Hns ueTeipex OIHHAKOBHX TpeX(dasHpIx
napajieNsHEIX NMHHUH nepenavn Hanpsaxenwem 220 kB, pac-
MOJICIKEHHLIX B COOTBETCTBHH C pHC. 2-38,4, NpH HaNHYER.
TPOCOB, 343eMICHHHIX TONBKO B OJHOH TOYKE, ONPEACTHTH
NPOAONBHEIE COGCTBEHHLIE H B3AHMHEIE CONPOTHBICHHA Nps-
moft (ofpatHoit) ® Hynerofi mocaciOBaTenbHOCTEN Ha enH--
HHLY FAWHB! JHHEH.

g PacnionoxenHe has KamupoH MUHME AaHO
-38,0.

®asuvie npoeoga mapku ACO-300; &F 23,5 mm; axkTue-
HOe COMpOTHBJCHHE HpoBOAa paeHo 0,108 Owm/rm.

ITockoALKY saseMJieHHBIE B OnHOIl TOYKE TPOCH Me.
BJSIAIOT Ha 3SHAYeHHT NPOJOJBHEIX CONPOTHBIEHHH JstHMi,.
HCNONb3YIOTeH YKasamus tabn. 2:7 nrs numuit 6e3 Tpocos.

OxpuBaNeHTHHHN pajHyc npoBosa no (2-63a) pep=

23,5 '
'~=0,9Pn=059‘ 9 210,? M.

HA pHC.



Cpesvee reoMeTpHueckOe DaccTosiHie MEXAY IIpOoBo-
savu das A, B u C (no 2-70) B COOTBETCTBHM C PHC
2-38,6

ConpoTuBienye npsMoll NOCTEfOBATETEHOCTH  OfHOM
nend no (2-75)

D
z, =rn+p,1451gﬁ=n.ws+fo.145x

11,5 .
w1y W—_*_U,IOB+;‘0,435 OM;KM..

SxeHBanen Han INYGHHA BO3BpATA TOKA Uepe3 SeMJIO
npunkMaerca paBHof Dg==1000 m.

Cpenuuit reoMeTpHYECKHE PANHYC CHCTEMBI TPEX NPOBO-
JIOB JIMHHN No (2-77)

beo = ¥ PoaDPop = 1/ 10,7-10- 2+ 11,6 = 1,18 .

CofcTBennoe CONpPOTHBIACHHE HYJEBOH IOCTefORATEIb-
HOCTH RaxI0#i u3 mueul mo (2-76)

Zoy = Zoyy = Zoyyp = Zopy = rn+ 0,154 j0,435 X

D, 1000
G =0,1084 0,154 j0,4351g T™

Xlg
= 0,26 - j1,28 On/xn.

Cpenue reOMETPHYECKHe DACCTOSIMHST MEXKLY LTsIMH
OTHEeNbHBIX JRHMH oHpejenssoTcs o (2-78a)

Dy 11==29.2 M; Dy 11:=69,9 M; Dyrr 1v=49,7 u;

Dyyv=120 M; D1 113=39,9 M; Dyt 1v==90,0 m.
ConpoTHpieHHs: BSaHMOMHAYKIMH MEXKIY Napasiieb-
!({.BII'}{S)JIMFIM (Om/em) 1, II, 1T u 1V onpepensiores no

Zor p=0,15 4 0,435 Ig

1000
59,9 =0,15 -} j0,67;
1000
Zory rry = 0,15 -+ 0,436 1g —5—5- == 0,15 4 j0,61;
X 1000
Zonp v =0,15+4j0,435 1g 29,7 = 0,15+ jO,57;
1000
Zow 1y = 0,15 + 40,435 1g —555-=10,15 }- j0,51;
1000
Zotr v = 0,15+ j0,435 1¢g ~555~ = 0,15 + 0, 46;

: 1000
Zorry = 0,154 j0,435 1g 1555~ = 0,15 + j0,40.

Ha puc. 2-38,6 npusesena cxema uyzesoll mocaemopa-
TEALHOCTH YETHIPEX NAPANNENBHEIX JHHUK NPH PACTONOKe-
HHH HX B COOTBETCTSHM c puc. 2-38,a,

Mpumep 2-4. JlNs OBYX OLMHAKOBEIX Tpexdasybx na-
pannenbubix aunuii 500 kB mpy paccrosamu Mexny smpus-
ME 50 M H paCHOJIOJEHHEM NPOBOJOB B COOTBETCTEHH
¢ puc. 2-39 onpesienHTs NPORONBHLE COGCTREHMBLIE M B3a-
HMHOE CONPOTHBIICHMs NpsiMoli (oOpatwofi) ¥ HyneBoft ro-
tlenoBaTeNbHoCTEd Ha €QMHNLY [IJIHHBL JHHHH.

QPazubie npoBofla Mapkm 3XACO-400; & 27,2 mum;
aKTHBHOE compotusieHue paevo 0,026 Om/kM; paccrosime
MEXAY pacIleNNeHHLIMH TIPOBOAAMH opHol ¢asmr 40 cm.

- TpOCH, KOTOpBIMHM CHAGIKEHE! JIUHMM B COOTBETCTEMMH
¢ puc. 2-39, 3a3eMJIEHBI TONBKD B OOl TOUKE, NOITOMY
B pacueTe TPOLOJBHEIX TIAPAMETPOB He YYMTHIBAIOTCA.

Junua I Auwusll Juwun i

? I0m ? §0m ? 50m
e g T
a)

Hunur IV

T

b)) AB e f‘f, 1m
Dyp=130m
D 8L~ 3, 2m
I ] )
+ir280
1 Zm‘"ﬁz‘; 1280 I
O = - 1 b O
< 00 g1 OM i p M L  —
R 2 L g e A L
o— - = = - o
i cpaalM | Sz
e zmﬂf’az&s{mﬁ—:FZw@ﬁva,ﬁ | Zomd G088
c J\ - O
: Zorll 15+
Eznm'{qzb"*.f ‘iﬂﬂf_ﬁ Logrr15+j fi«fﬂf“ﬁ w‘wﬂf O Iy
- : *J G4 ku =

¢

Puc. 2-38. Pacronoxenne 4eThpex NApas/IeNbHEX OLHO-
LEMHbIX JMANH MePefays M HCXOAHAst CxeMa HyncBol Io-
CNECBATENbHOCTH (K MpHMepy 2-3).

2 — pacrioNOiKEHHe YeTLPeX napaifie/bHLX ORHOHNeNHMX JHEBHR

nepesaud 220 KB; 6 — pacnonoeRHe (a3 ONHOUENHONR Muilny e~
pPenany; 8-— CXeMa Hynerolt nocaegoBaTeNbHOCTH.

8im | Bim bin dfﬂ!
i}tl;::l-—-irﬁ /A B [

A g £ a & c
12 1Zm 124 By S
x §0# o
al Hewug T s IF gi
Vo 'z o o

Puc. 2-39. Pacnonoskenre NpoBoaos H TPOCOB ABYX Tpex-
dasHeX napaanenbHbIX JHHHE nNenenaun (K NpuMepy 2-4).

Paccronnue Mesxay NpPOBOLAME:

Dag=Dpe=12 m; Dac=24 M; Dayo=
=Dgpp=Dge==50 M; Dap=Dpg.==62 m;
Dac=T74 m; Dgg=26 M; Dpo=Dcp=38 M.

A. Onpepgenerre NPORONBHOrO CONPOTHBAEHMA

npsimoi (o6partHoir) nocnegoearensHOCTH

ConpoTuBnenne npsmoll MOCAEHOBATENLHOCTH  OAHOMN
uenyu no (2-75)

D
Z, =1y 4 /0,145 1gﬁ=0,026+f0.145><

15,15
» lgﬁ:ﬁﬁg =0,026 4 j0,3 Ont/xwm,

e no (2-70)
3 3
Dy =3/ DppDacDac __ o/ 12-12-24 = 15,15 M;
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a0 (2-65)
3 3 27.2 i
bo.n= ¥ FodPep =} 0.9- ——5— -400* =127,5 aom =
ﬂO.’.Q?S M.

Bb. Onpenenenne npoaonsHoro
€oBCTBEHHOTO M B3BMMHOrO COMPOTHBIIEHHS |
HYNEeBOH MNocnenoBaTeNbHOCTH

DKBHBaNEHTHAN I‘JIBGHHa BO3BPATA TOKA Yepes 3eMiIo
nipEHuMaercs paBuofi Dy;=1000 m. CpenuHii reoMerpie-
cKuil pajiHyC CHcTeMsl TPeX NMpoBOAOB JHHMH mo (2-77)

bep = Fo.uDep = ¥ 0,1275-15, 16% = 3,08 m.

CobcTRERKHOS CONPOTHBJIEHHE HyJNeBofi TOCAeN0BaTeNb-
HocTH Xamnol H3 yuuHMA Do (2-76)

zﬂ‘l = Zm =1y 0,15 4 1.0,435 ]2

2 = 0,026+
Pep

1000

ConpoTHBIeHHE BIAHMOKMJIYKIHH MEKY NapaieNbHe-
w¥ Jnuamy [ v I] onpepeasierca mo (2-78):

D -
Zoy 11 = 0,15+ /0,435 1g 15—~ =0,15 - j0,435 X

X ig i.f,m = 0,15 + j0,574 Ow/Km,
zae no (2-78a)
Dy 1=V DaDasDa:DsDmPacDeabesDec=
-ﬂ 2/50-62-74-38- 50.62-26-38.50 = 47,9 m.

Tlo BeyHCNEHHBIM cOGCTBEHHHIM H B3aHMHOMY CONpO-
THBJEHHAM COCTABJSCTCA PACUETHAS CX€Ma HYJeBoH mocie-
IOBATENbHOCTH [OJIf pacCMATPHBAEGMEIX JBYX B3aHMOHHIYK-
THPYIOMHX JTHHHH.

PesyneraThl pacueta MNOKA3LIBAIOT, YTO HaJHYHe pac-
LIeTUIeHHEIX NpPOBOJIOB NPHBOAHT K 3aMETHOMYy YMeHblie-
#Mi0 COGCTBEHHOrO COMNPOTHBJEHHS JHHHH, B 0COGEHHOCTH
ApAMOl MOCTeNOBATENEHOCTH.

Mpumep 2-5*. Ina psyxuenuodt munuu 110 kB, pacno-
JIOJ(eHHMEe NPOBOJIOB H TPOCOB H pPACCTOSIHHS MEXMY TPOBO-
IaMu M TPOCaMH KOTOpO# NoKalaHel Ha puc. 2-40, onpe-

* Baumcreosar u3 [1].

Puc. 2-40. PacnoJioxeHrHe NPOBOJOB K TPOCOB JBYXLENHON
NHHHH Ha oGuwmx onopax (k npumepy 2-5).
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DeJHTh CONPOTHBAEHHS npsmMol (o6paTHoll) M HyJeBoO# mo-
cllefoBaTeNbHOCTell HAa €AMHHLY JJHMHE! JIHHHH.

Qazuwie mpoBosa Mapru AC-150; & 17 mM; Tpoch
mapky TK-70; & 9,4 MM; aKTHBHOE CONDOTHBJEHHE [Fp=
=0,21 OmJxu.

Paccroanua (puc. 2-40), m:

D as=Dgpc=3,18; Dac=Dap=73; Dac=85T;
Dpp=59; Dpc="6,06; Doc=4,5; Drz.=4,4;
D 41=3825; Dps=6,05; Dgr=9,1; Dex=6,53;
Diyr=792; Der==10,13.
IMposogkmocts 3emnu A==0,35-10—* 1/(Om-Km).
SxevBaieHTHEM pazuyc mposoja (kak B [1]);
17
Ps.n=0,95. —5— .107* =8,07- 10-2% m.

CpejHee TeOMETPHYECKOE DACCTOSIHHE MENAY NpOBOZA-
MH OJiHOK u3 nemeft no (2-70)

Dep =y 23,18 = 4,01 u.

angomn.nem{e npsaMOii mocaejoBaTeLHOCTH OJIHOMH He-
nH no (2-78)

4,01
2Z2,=0,214j0,1451g W, =0,21 4 j0,392 Om/rm.

SxpuBajenTHasi rayOHHA BO3BPAaTA TOKA yepes 3eMiio
mo (2-64)
66,4

T V50.0,35- 10—

Cpennuit reoMerTprueckuii pajiMyc CHCTEMEl Tpex Npo-
BOJIOE OflHOH Lend no (2-77)

bep = B,07-T0-3.4,00% — 0,507 .

ConpoTublieHHe HYJEBOH MOCNENOBATENbHOCTH OJIHOM
uenn Ge3 ydeta jpyrod nenH H Tpocoe [no (2-76)]
1580
Zont = Zoup iy = 0,21 40,16 + /0,435 1g g7~ =

D, — 1580 m.

==0,36 4 j1,52 Om/KM.

Cpe,;uiiee reoMeTDHUECKOe PDACCTOAHHE MeN(Y LenamMH
no (2-78a)
Dy = E:/'(8.5?'-6,06-’7',3)’-'il,5-5,$:1-7,3 = 6,66 M.

ConpoTHBJEHHE B3aRMOMHIYKLMH HyJeBOi NocnejoBa-
TeNHHOCTH MEXNY LenaME fo (2-78)

1580 .
Zyy ;¢ =0,16 4 jO,435 1g ~E-.,:~6+5-= 0,15 <+ j1,04 Om/rm.

Tlpou3BesieM pacueT CONPOTHBJEHHH HYJNEBOH MoCIEno-

BaTeNBHOCTH C YYETOM TPOCOE.

Ilo kpeBEIM puc. 2-21 pna Tpoca mapkH TK-70 npu
ToRe [==100--200 A wpmeen: ry==2,80 OM/KkM H Xpayrp=
=0,7 Onmfrm.

OxBHBaNeHTHEII pagHyc Tpoca no (2-800)
0,5.-9,4.10-*%
Po.r == =T7,11.10-% M.
antilgm

ConpoTueiieHHe HyNeBofl [OCHENOBATENBHOCTH OGOHX
Tpocop Mo anayordu ¢ (2-86).
2,8 1580
Zyry== Z gy =38- gy -+ 0,15 4 jO,435 1g 0,566-10-¢8 —

= 4,35 4- j2,81 Om/xm,



THe CPENHHE reoMeTpHueCKuii pamuyc ofoux TpOCOB
pep.r=V T,11.10-*.4,4 — 0,555-10-* u.
ConpoTusnenne B3aHMOHHIYKIMH HyJEeBoll NocienoBa-

TEALHOCTH MEXIy TPOCAMH K NPoBOnamMu OfHoil Hs uemefi

JHHER IO aHanoruu ¢ (2-87)

1580
Zots = Zote = Zomrs = 0,15 + 0,435 Ig 5 ==
==0,15} j1,03 Own/xM,

THE cpejHee TeoMeTpHHYECKOe pacCTOsfHHe MEXAY TpPOoCaMu
H npoBojiaMi OfHOH H3 uenedi JuHimM no (2-88)

3 o
Dyyy = v/3,25-6,06-9,1.10, 13-7,92-6,53— 6,75 M.

PesymsTapyionulee CONPOTHBJCHHE HYJEBON TNOCAENOBA-
TeLHOCTH OAHOH LMK ¢ y4eToM 7Tpocos no (2-89)

7). - (Bn]5+flt03,= e
Z{M = 0,36+ J1,52 — TETRE =

= 0,492 -} j1,363 Om/knm,

Okonuarenpbno napaMeTPsl CXEME SaMeMIeHHT  [BYX-
UEMHOH JIMHMH ONPEHEJSIOTCA HCXONd M3 {2-96)—(253)
Upe yueTe HAeHTHYHOCTH lencl M NPHHATHLIX B paccMaTpH-
BaeMoM caydae oGosHaueHHI:

Zt‘}? = Z&}‘} = zéﬂ =0,492 - j1,363 Om/rm;-
Z* T
Zim=Zau—"7 -

0TS
(0,15 4 j1,03)2 g
- 4.Eg_+ ;2',“5)1‘=0-282+;0.88 Om/xm,

= 0,154 j1,04 —

Mpumep 2-6. Jlns fByX onMHakoBbix Tpexdassex na-
_ga.rmenhnmx mpnuii 500 kB, paccMoTperMEX B TpHMepe
"2-4, npu pacnoJOXXEHHH NPOBOJOB B TPOCOB ABYX JIHHHI
B cooTBeTcTEBHH ¢ puc. 2-39 u 2-41.a aggenenmb eMKOCTH
M EMKOCTHEE NpoBO)HMOCTH NpsiMofi (06partmofi) n uyne-
“pofi nocJemoBaTEALHOCTEA Ha ef LAHHEL JIHHEH,

®asyrie npooja Mapku 3XACO-400; & 27,2 Mg
paccTosiie MeXAy npoepopaMu opnoll (asm 40 cM. Tpocm
‘mapru C-70, «J 13 MM, 383€MJICHH B ORHOH TOUKE.

) PacyetHan BricoTa moseeca Mposonop (prc. 2-41,6)

THe h=22 M —BHICOTE KpeMJCHHN NPOBOAA; f==22—8==
=14 M— MaKcHMajbHas CTpena NPOBECa TNPOBOKA.

IpunnMaeTcs, uT0 cTpejia DpoOBeca TPOCa TaKas IKe,
KaK M cTpeJa Nposeca nposopa. PacueTHas BbicoTa MOJBe-
€2 TPOCOB

2
bpacy = 31,6 — =3~ - 14= 22 m.

Vaencusie npoposbubie coGCTBEHHEIE H B3aHMHEE CO-
NpPOTHBJIEHHA PACCMATPHBAEMHX JIHHHH ONpejieNieHs B NpH-
mepe 2-4.

PaccTosiEHA B COOTBETCTBHH € pHc. 2-42 (B pjonojre-
HHE K NPHBEJEHHHM B NpHMepe 2-4), M:

hy=hg=hpo=hg=Hhy=Fh,=12,5; k'ﬂ =
=hw§=h':‘[' =h_ == 22; Sﬁa =Sﬂb s
=SCC=55'9; SADJ= Bc=='s‘6,9;

5—156

1|05m
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Puc, 2-41. Jlunna nepepayn 500 kB (x npumepy 2-6).

@ — CXeMa DacnofloeHHA NpoBONOB M Tpocos Ha omopax [iB1,
TIB2; 6 —cxema nponeTa AMHHY SAEKTPONEpeNauH.

Npumeganue [IyAKTHPOM nNoKASAHA pECYETHAA BeicoTa
noaBeca RPOBOJa W TPoCA.

=36,1; SA.B:S = Sgp= Sy = 21,7;

._SAC= Sﬂ0=34'7; SM: SBB= Scc=
=.Sm==Sb;,= Sw“—" 25: Sx“ﬂ e Sma:-“‘
= Sol.a = Sm: _ 34.7; sﬂﬁ —_—
e S&r&' = Sm..'p = SB’I‘]’ = 35,4; S‘,h_a —
= S0 = Scry = Scrpr = 39,9

s )

Serrr = St Spyyri= Sqvew =
=44; Sy = Syyrepr =146,9; Dy =

ar'=
DCT]' - DA‘I‘S= Dﬂ"{’ =Dy =
== 22,2; DT'[T‘: D'Z""'ﬂ' = ]6,2,
C-HCJIYET OTMETHTb, WT0 MNDHBELCHHHIC PaCcCTOSHHA MO
PHC. 2-42 AaHel, HCXOAS H3 pacyeTHHIX BEICOT nojgpeca Inpo-

BOJIOB H TPOCOB. _
B pacuere mcnoab3ylTes cooTHolmeHds Tabn. 2-8.

A. OnpepeneHne eMKOCTM M @MKOCTHOMN

. npoeogumocTy npamoii (oBparHoii)

nocnenoBarenbHOCTH

Emkocts npsmot  (o6Gpatroft) nociepoBaTeIsHOCTA
onpejensieTcst Hexond u3 (2-123a) mpH NOACTAHOBKE Po.n
BMECTO Put

_0,0241.10~
L
£ Ps.nSM

rze no (2-1236) 1 (2-70)

C, & /xn,



Aurig T

Puc. 2-42. asHrle NPOBOAR M TPOCH ABYX MapalieJbHbIX

3 . 3
Sy =/ Saa585Scc =y 5" = 25 m;

O e O
Sﬁf= :/SABSMS.E'C: 1 4 27?7'3417'27!7'= 29l8 M;
Dep= 1/ DasDcDac= YT ar—15,15 m

7 no (2-65) npu k=1,0
3 AT X T
Po.n=V Pa@p= —5—400*=129,5 mu=0,1205 u.

Tarum oOpasom, emrocth mpsamol (oGpatuoit) nocie-
JOBATEILHOCTH
0,0241.10-°
Gy 15,15-25
€5,1295-29.8°
EmxocTHas npoBOIMMocTb npsmoft (obpaTtmofi) mocne-
nosatensrocTH no (2-128)

bye=2mfC=314-12,06- 10-°2=3,78-10—8 Cm/EmM.
Emrocte, mnpsmoRi  (00paTHOf) IoCHENOBaTeNBHOCTH

onpenenserca Hexofsa ms (2-124) npH nONCTaHOBRE Pax
BMECTO pn:

=12,05-10-% d/km.

0,0241.10-¢  0,0241-10-°¢ ~
C = 1 Dep - 1 ibjis 107 e
£ Ponn £0,1295

EMKOCTHAS TIPOBOABMOCTL npsiMofi (oOpaTHO#) nocne-
JOBATENLHOCTH TIPH pacyere mo npubamKenHO# (opMyse

by =2mfC==314-11,65-10~9=3,66-10~% Cm/km.

Kak punHO, peayanTaThl pacyera no Gosee mpocToi

npuGmtenroli dopmyae (2-124) JMuL HEMHOrQ OTIHYA-
10TCS OT pesynbTaToB pacuera no Gonee TouHo# (hopmyne
(2-123a), a noTOMy B YNPOLICHHMEIX pacyeTax MOMKET MC-

nonb3oBathes (2-124).
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Jurus I

JUHEA M MX 3epRanbible H3oOpaxeuus (K npeEMepy 2-6).

B. OnpefeneHie eMKOCTH M EMKOCTHOMN
NPOBOAMMOCTH HYNEBOM MNoCneaoBaTensHOCTH

B coorpercteunr ¢ § 2-6 nas pacvera eMKXocTH HyJe-
BOfi NOC/IEJOBATE/LHOCTH AIBYX NapaNNeNbUKX JUHUE € Tpo-
caMM HeoOXOZMMO 3HaTh €MKOCTh HyJiesoft moc/iefoBaTelb-
HOCTH OJHHOYHOH JIHMHM C TPOCAMH H EMKOCTH HyNCBOR
NOCNEeNOBaTE/bHOCTE JBYX MapasiefbHEX JUHMA Ges Tpo-
coB. B cBRI3H ¢ STHM MpPEnCTABNSETCA BOSMOXKHEIM WAJO-
CTPHPOBATL DPAaCueT eMKOCTH HYJEBOH MOC/EA0BATEeNLHOCTR
OfMHOYHEIX JIMHHE ¥ ABYX NapareMbHuX JHEME Ges Tpo-
COB M C TPOCaMH. ,

Tlocroabky nBe paccMaTPHBAEMble LENH HAXORHTCS Ha
OTJIEJILHEIX OMOPax Ha CPABHHTENbHO GOMBLIOM PACCTOSHUE
(50 &), T0 B cooTBeTCTBMM ¢ YRazauummu § 2-6,3 MowHO
B LEIdX YMPOUEHHA pacyeTa He YYHTHBATh B3aEMHEE
€MKOCTH, O0YCJIOBJICHHLIR CMeXHOR JHHMEA H ee TPOCaMH.
OnBsago B LeAsX WJUNOCTPAaNMH XONa TOWHOrO pacdera,
4 TakKe A5l OLEHKH NOTPEINHOCTGH MNPHOJIKXCHHOrO pac-
ueTa HIDKE AaH pacieT KaK COGCTBEHHEIX, TAK W B3AMMHEIX
eMrocTeil,

Onmuounas aunus I ¢ Tpocamu INorenuu-
ambHEA KOS(OUUUSHT KAXKAOR K3 NAPAMNETBHLIX JIHHHE
OpH OTRIKYEHHM JPYroft H HeyueTe TPOCOB NOAyY2eM,
Hcxofis w3 (2-1276) u nopcTaBAfs psn BMECTO Pp:

Sep
oty == 0~} 2055 = 124.10° Ig — :
Pa.nD%p-
Ife B cOOTRETCTEHH C (2-128)

9
Seo=" SasSssSccS'arS acS*sc =
= 9#"25:.27,72.34' L 72.27,7% = 28,2 u: Bt o e

CuNTaHH paHee. 3uauenue Scp MOKET OHITH OnpefeNeHO Mo
(2-128a):

2 a2
Scpa-g- (hy =+ kg +hc):="-3— (12,6 412,56 4 12,5) =
- =25M,




Pesynbratal BruncaéEnfi Scp no (2-128) u (2-128a)
HECKOLKO OTJIHYAIOTCH, YTO BH3BAHO TeM, wto ha=hp=—
=he 0 Dap=Dpc cousMepumu,

TakuM o6pasod,

28,2
o, —g, +2a=124v]0°]g‘ ﬁ’__ =
il e /0, 1265-15, 15°¢

=119.108,

EMKOCTE HYZ€BOH NOC/TENOBATENBHOCTH Kamxigol ua na-
pamnefbHEIX JIWHHA NPH OTKMIOYEHHH APYrofi ®  Heyuere
Tpocos no (2-127a)

# 1 1 N
0 _%+2am = [19-10° == 8,4-10 ‘I’,’KM.

Emkocte mynesofi mociesopareNsHOCTH TpH Heyuere
TPOCOB MOXKET OHITH TaKXKe paccymtana, mexops ua (2-129)
1Py NOJCTAHOBKE Pp.n BMECTO Pn!

C — 0,0241.10-°
CoelEs)]

Po.n \ Dep
0,0241.10-¢

S 95,8 2] — 08,4107 P /xm.
2[0.1295-('1'5",15 ) J
EMKoCTHAA TIpOBOARMOCTL HYNEROH NOCTENOBATENHHO-

CTH KAXAON W3 Tapa/leJbHLIX JHHME TIPH OTKIOYEHHH
ZpYro# u OTCYTCTBHH TPOCOB

by=2nfC=314-8,4-10—°=2,64- 10— Cufrm.
l. Baunanne Tpocor pawnofi AEunm Jlo-

TIONHH TeJIbHEI KOSQQUUHEHT A0y .04 . OTpPaNKaOmEH
BJ/IHAHHE JBYX CHMMETPHYHO DPACNO/IONEHHEIX TPOCOB JANHO
ymmin (nanpeMep I), paceMaTpuBaeMLIX KAK SKBHBANCHT-
HEfi TpOC, DpE pabOTe TOMbKO STOM JHHEH ONpENeNsieTcs
o (2-139):

302
e Cprry )
2

BsaaMubiit noTeHNHaNbHLE KOIGQHUNEHT MEXK]Y JIHHR-
eil B XaXALM TPOCOM ompenesiercs no (2-117a)

SI 77
Diry

ey =41,4.10°-1g

3

e no (2-131a)

Ster =y SteySomy Sery = ¥ 34,7-55,5-39,8= 36,6 u
u mo (2-131g) -

By, e ]3/ D gD Doy =1/ 10,3°12,5:92,9=14,2 v,

Taxkum obpason,

36,6
Cppy = 41,4.10¢ lg‘ﬁ:’g— == 17.10%,

CoGeTBernufl norernmamsnnf kos(duurest Tpoca Fy
no (2-116a):
41,4-10%.1 ﬁ’——u 4.108
“TXTT:E y - 1001 B e e X

44
=——== == 158,5-10¢,
X1 55068
e paguyc Tpoca py==13/2=~=6,0 Mm=0,0065 M.
5*

T T
o -
x b
& >
A B 'y a I/ ¢

TL 2~ 12y $ 120 15n ? F
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Puc. 2-43. Pacnonoserre SKBHBAJEHTHHX TPOCOB MABYX
TpexdasHHX NapanleNbHEX JMEHE Depesayd B HX 36p-
KanbHEe H3obpamxenusn (K npamepy 2-6).

Bsanmubfi notenusasysueil ®ospohuumMenT Tpocos Ty H
T (puc. 2-39) mo (2-117a)

Sma
=41,4.10%.1g -5 = 41,4.10¢
unﬂ o Dﬂ"rb X

46,9
XIgTb—E-: 19,1.108.
Taxkum ofpazom, mo (2-139)
3.172. 1012
%1 r1x8 = 158,5.10° - 19, 1-10° — 2. 76-10°.
2

EMxocTe HyneBol ¥oCAeNOBATENBHOCTH KaiKAON H3 JH-
HHH [PH yYeTe TOJBKO ee TPOCOR ompeneasercs no (2-138)

|
(1) .
Co o¢ + 20p; — Aop 1y

1
=119. 108 — 9,76- I10° = 9,]5'10-. ¢/HM.

EMKOCTHAA TPOBOOHMOCTB HyJIeBoH MOCHEeOBATEIbHO-
CTH KAXJofi H3 JHHHE NPH YUeTe ee TPOCOB

b§" =2nfC{? = 314-9,15.10-°=2,87.10~* Cu/kn.

2 BneEsAuue TPoCcoB cMeXHOH anunnn Hia
TIPOCTOTHL y4€Ta BJHAHHA TPOCOB CMEIKHON JuMHHH [Ba
Tg‘oca KaX70H JUHHH 3aMEHSIOTCS SKBHBANCHTHLIM TPOCOM
(T emecro Ty u 79, 1" emecro Ty u T6').

Pacnonoxenne SKBREBAJEHTHHEX TPOCOB NPHBEJEHO Ha
puc. 2-43, C mekOTOpPLIM NPHOGMHKEHHEM OSKBHBAJEHTHEI
TPOC Kam ot JHHHH MOMHO PacHONOKHTL HE TOH e Bhl-
COT€, YTO H PeadhbHbie TPOCH, CHMMETPHYHO IO OTHOIIEHHIO
K ¢asueM npoBopaM. CpepHuil TeoMmeTpHuecKaii paumye
CHCTEMBl H3 ABYX Mapamie]bHHX Tpocoe Ty u Td (puc
2-39) onpepensiercs mo (2-1546):

#op= I/ 0Dy =V 00065 16,2=0,324 .

Paccronnus Mexny napamnenbmbive  JmuusME (M)
C SKBHBANEHTHHIMH TPOCAMH H HX SEPKaNbHHIMH H300pa-
XEHHSIMH MOJKHO YCTAHOBHUTB HA OCHOBAHHH pHC. 2-43:

S.n.= it =44; S‘l‘t' = 65,6; SAT == Sf’r == 36,5;
SBT‘ = 34,5; Sa‘h" m?ﬂ,g; Sﬂ"l" —
= 60,7; SC’:’ =5l 35
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D, =50; Dy, =Dg, == 15,3; Dy, =9,5; D= 62,8;
DBT' =5 50.9; DGF' = 39,2-

JHonosmurenmeasidi  KoahduinresT AGp—qe., O0TpaNKar-
@igil BJHFHHE SKBHBANCHTHHIK TPOCOB O0EHX MapaAiieNbHiiX
auunEl npu pabote oaKON JHEWH, HanpHmep RuHHE [, ompe-
aengerca no (2-137a):

i' dal'l‘ '1" A“[‘l‘" "*"‘2 Vk’pk.rl 'V'aul'lﬁul'l"
1 — Rekoy
PaHee NOZCYHTAH HONOJBHTENABNED NOTCHIHAJBHLIN

Ko GHIHEHT

ﬂu[r“ 5 ==

é.n'.l_r == ﬁ“!-ﬂﬂ = 9,76‘ 105.
Ionommurensunifi BsanManfl  kKodpdunent Aoy, onpe~

senserca no ananoran ¢ (2-131) ¢ yyerom Toro, uTO B pac-
BARTPUBACMOM CJIYYAE BMECTO Pr YUHTHIBAETCH Pep, 4 BCE
DACCTORENA NPHHHMAIOTCH OT MPOBOAA A0 SKBHBAJNCHTHOrO
mpoca cmeskroft reun (pue. 2-43)

124-10° (lg %“;em)'

-A“h. & Sr"r’ ’
Ig

Pop

TIC 'CPEMHCe TEOMETpHuecKoe paccrosimpe npoeonos A, B
& C no sepkanbnoro H3o0parkenHsl YKBHBAJIEHTHOrQ Tpoca
cmexHoR AaHen no (2-131a):

S = 3/ SarrSpprSewe = V70,560, 7-51,5 = 60,5 ,
) tﬁﬁﬂ.ﬁe& reOMeTpHUeCKOS paccTOfgHHe MeXay npOoBOJAMH
A, B w C ¥ SKBUBANEHTHHM TPOCOM CMEXHON JHHHH MO
{2-131x)
3 3
Dyye =/ DpoDpoDys = ¥/ 62,8-50,9-39,2 =50 .

Taxis o6pasom,

-« 60,6 \*?
124.10° (Ig --'5'{}—)

'ﬂ“h' = 44
g3
“Kospdruuentn k; u k, onpefensorTes no " (2-1376).

"Byopsmpe B (2-1376) cobereennift NOTEHUHATbHBIA KOs
£PIFERT SKBHBAJIEHTHBIX TPOCOB — mo (2-116a):

Gy == Oy = 41,4100 1 -‘::—;’: 41,4.108

—0,398. 108,

44
X 1g g3 = 88.3:10"

& DSARMHBE NOTEHIHANGHER. KooGQHIHENT MEWRY ABYMA
sxpupasentiuiMu Tpocamy T w T7—mo (2-1172):

S, 66,6
o = 41,4-10%Ig 55— =41,4.10%1g —g5—~

= 5. 15- 108
Taxun obpasoM,
5,15.10°
b=k = = 835,3- T =0.,0583.

Gopy
Caepoaresmuo, no (2-137a):
£ 9,76+10° 4 0,398-10° — 2 %
w V'6,0683% - ¥ 9,76 10°-0,398- 10°
1 —0,0583% ™

= 9,98;13’.

Bay gqe =

B3

CpaBHUB2® NOJYYEHHEIE SRAYERUN JIONOJHHTEIBHLIX fO=
TEHIHANBHBIX KO €HTOB TpH yuere Tpocop ofeHx Ji-
wufi (Aeg o0y = 9,98.10°) 1 Tpocon oawolt Jmmmu (Aay ...=

=0,76-109), a Taxke COOTBETCTRYIONEX eMKoCTel, MOIKHO

criejlate BHIBOJ, YTO AOHOYCTHMO He YYHTHBATL BJHsHHE
TPOCOB CMEXHOI JIHHMH.

HBe mapananenpuue auugs f v Il c tpo-
caMH DxkBHBANeHTHHEH coOCTBeHHHR NOTERUHAJBHHIN Ko-
s(pumuent Kamaoh ws ymuuit I B Il Acxoms u3 (2-138)
{c yueToM pamee pacCUHTaHHHX SHauendii):

II.E = GI(P“ =0 + 26.3 —-ﬁ‘l_,n.: =

= 119.10% — 9,98.10% = 109,02.10¢,

Baanmupift noreHMHANLHEER kosdduuuent
JIEJIGHBIX JHENH TP OTCYTCTBHH TPOCOB — MO

Sept 11
B i !

X 1a
2-142

adi-

U-I = 124'!0& lg
rge no (2-143)
9
Sest 1=y SaaSasSacSeaSrSneSeaSerSce=

—9/55,0.66,0-78,1.45,5-55,9-66,9-36,1.45,5-55,0—
=55 m,

a no (2-144)
Doy = f/ D poD psP 4D, PP Do DeyPee =

— %/50-62.74-38-50-62-96-38.-50 = 47,9 u.
Takum ofpasoM, mpun WeyzeTe TpocoB o = 124X

55
¥ 100 Igﬁ'&.?—'{a'-:- 7,53-10%,

JononuuTensHWl B3aMMHbLT NOTEHUHANBHEH Kosddu-
HAEHT JUI ABYX TNapayiejbHMX ARHEA C TPOCAMH, YUHTH-
BAH CHMMETDHYHOE PAacnoJiOMeHHe NOCAEAHHX, ONpEAelAer-
ci no (2-1648)

2- Vﬁﬂh, ﬁﬂtf; —— k]- (A“l‘l‘ + .ﬂﬁl.r;)

Auyp gy = _ T—&,
2. ¥9,76-10°-0,308. 10° — 0, 0583 (9,76 10* -+
+ 0,398-10°)
- T—0,0583% -
= 3,36-10°,

rae Aap,==9,76-10%; Aoy, = 0,398.10% Ry =0,0683 [pac-
CYHTaHL panee].

B3auMenii motenupaibHuefl xoa(ipunuert smmmi [ W
IT [em. (2-162)]:

afy = o p— Aoy gy =7,53.10*—3,36.10 = 4,17.10".
TMoncTasus snaueHus Koshdumyenton lfP, uﬂ:‘" H u{" I
B (2-147) npu yuere «l™) BMECTO @, COTYySHM:
{1

“Irux
1) — fr o
Céit = Coilu = oo — oY

,109,02. 10°
=7109,022.10°* — 4,17%-10"2

of

CiDy = =
0™ off afp; —offl}

==0,18:10-* P /ku;




4.17.10°
=199.02-'*10‘r—-—4_..l7-“’-10“‘ =0,349.10-* ¢;IKM.
Bsammas emxocts C{f; B paccmatpusaenoM ciyuae
Mara mo cpaskemuo ¢ C§Py, n e mMOXuHO mpeneGpeus,

TockonbKy, Kak OTMEUEHO Bbillle, BIHAHHC TPOCOB CMEHK-
HOfi JIMMME Ha SHauYeHHA COGCTBEHHHLIX €eMKOCTeH JIHHHI

BeCbMA MaJio, pacueT eMKOCTel paccMaTpHBaeMpiX Napan- -

Je/bHbIf JUHEA CBOOHTCA K pacueTy cOGCTBEHHKIX eMKocTeft
Kax/0#l JMuHUE OpH YdYeTe TOJNLKO €e TPOCOB.

Npumep 2-7. Paccuntate napamerpsl Il- M T-cxem sa-
meutenus autny 500 kB panmoli 500 kv ¢ pasmumu npo-
BopamMu Mapkn 3XACO-400 ¢ & 27,2 MM, ¢ ynelbMuMH
napaMeTpaMi, paccYMTaHHBIMH B npHMepax 2-4 m 2-6 cie-
LVIOUHMH criocobamMm.

a) no pacueTHEM Bhipaenmam (2-166) w (2-167),
B KOTOPHIX nongeaaoquue KOS HIHeHTEl ¢y M gz NpHUM-
mawres no (2-168), yunteBaonuy ranepGosEyeckue QyHK-
uun (TouMeifi cnocoG);

6) no pacuersnM Beipaxenusm (2-166) wuw  (2-167),
B KOTODBIX TNONpABOMHBIE KOS(h(PHUHEHTH NPHHUMAIOTCH
¢i=g2=1,0, T. e. BMECTO paBHOMEDHO pacnpeeCHIbIX
NapaMeTPOB  YUMTHIBAIOTCH COCPEJOTOUEHHEIE NapaMerphl
(npubmukenusd! cnocob);

B) NpH MOJAENHPOBAUMU JHHHH IBYMSI YYacTKaMH Le-
noucutiofi cxeMbl NPH NPHHATHH HAPaMETPOB JJIA KAXKAOTO

24 u 26): Z,=00264j03 Om/km; C;=I1205%
X108 @ /xm.

a) PacueT TO4YHHM cnocoGoM Ewmrocrran
NPOBOAMMOCT (HA €AMHHIY I/HHEL):

¥ =j314+12,05-10~°=j3,78-10—° Cm/xm.

Kosppunmenr pacnperenenus g ¢asosufi  yron ne
(2-161a) ‘[21]

¥ =V ZY, =V {0,026 + j0,3)-j3,78-10-% =
=V =1,134-10-° - j0,0083- 109 =
= V1,138 10-% (cos 175°2°40" | jsin 175°0 4077 =
175°2740"7 175°21407\
2 )

=V T.138:10-¢ n(m —5—+isin

= 1,067- 102 (cos 87°31720"" - ] sin 87°31'20/") —
= 0,461-10~* 4 j1,066-10-%;
Ya=V Z;¥ 5 = (0,461 10~* 4 j1,066-10~%)-500 —
- = 0,023 -} j0,633.
lMonpasountie Koaddumuentnl no (2-168):
shVZ Vs _sh(0,0234/0,633) _

Hh=

y4acTHd, Kak B I. «0» (yroudenunfi cnocof, mapuaxt I); Z.YV.. 0,023 4 0,533
r) no pacuerhsm beipamennam (2-166) u  (2-167), V¥ o
B KOTOPLIX MNONpaBOUHbie KOS(QHUHEHTH ¢ H gz NPHHE- s h 0,023 cos 0,533 4 jch0,023 51n 0,533
mawres no (2-172), yuuTHBaONMM HECKONBKO WIEHOB pas- = 0,023 10,533 =0,957-j0,0042Z
me{euﬁnn mnepﬁoaimec.mx Qyukuufi B pag (yTouReHHnii ! i {
cnoco6, Bapuant 11). 2(th—§— vV ZmYm)
A. Napamerpnt - u T-cxem gns npsmoii ga= e -
(oBparton) nocnepoearensHocTH ¥Z, ¥
= 1
(puc. 2 44,&,_ 0) 2 [th -~ (0,023 - iﬂ.533}]
Tlapamerpnl ma eZMHALY [JHHB JHMHHM [J5 nNpaMoil m—— .
(o6patuoii) nocrexoBaTesLHOCTH (paccyMTaHbl B NPHMEpax 0,023 + j 0,533
118 +j 1435 665479
15+j 150 | 66+ 55
12,08+ 1447 709 +] 49%
1176+ 143 65+ 477
| ]
205~ 1035 1 205 j1035] | 95113100 V [r49551510}
~j 1058 ~j 1058 —j %00 |~ 500
1 69—10% 16957030\ [721~51330 hsz_v_'fﬁf ;
2067 1038 L iy = 20811058 | | 1296 1515] L B = 12,95~ 1315).
[ G6+767 G6+5767 502+ 2905 502+ 295
6547 75 65+ 75 Wj272.5 W+; 2775
E 754764 BIS+j764 491+ 287 | 44/ %) 287 |
678+;765 676+ 765 Y5.8+j290 438 +1290
| e I }——r:: 3 |
] | [
—239-js52 ~116%—~ 600
— ;528 /700
— (75} 560 1355778 |
8 L [Zmem ) = |[Hisjez

Puc. 2-44, TI- u T-cxemn samemenvn juvmp 500 kB pummofi 500 km, paccuurammbie pasueiMy cTocoGaMH (K mpHMe-

Py 2-7).

a~—TIT-cxema npsamofi (o6parnolt) mocnepopaTenwmocts; 6 — T-cxema mpamofi {oGpaTholt) Moc/MeOBATENBHOCTH; & — FI-CxeMa Bynesoft no-

c.nuﬁnammcm: 2—T-cxema HYyaesofl DOCTenoBaTE LEOCTH.
PHMeTaHue PesyavraTel pacdera
{BapnanT I); yrowmenunie (Bapuant 1I).

IpHBCACHEl B CAeNyloleM Mopsiike (CBepPXY BHH3): TOUHEE, NPEOIHIKEHWHE, YTOMHeBBLie
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2 (sh 0,023 - jsin 0,533) :
= (0,023 4 j0,533) (c¢h 0,023 4 jc0s0,533)
= 1,024 — j 0,002,
Tlapamerpet Tl-cxemm onpegensioress mo (2-166):
Zop = G, Z,1,,= (0,957 4 j0,0042) (0,026 + j0,3).500 =
=11,8 | j143,5 On;

Y 3,78-10-.500
Yin=ga 5 -=(1,024— j0,002) "—-—~—2———

= (1,915 4 j967) 10~9 C;

1 1
Zon= Vo~ (OB 7007 107 2206 — §1085 Ow.

IMapamerpst T-cxempl onpenensiorcs no (2-167):
Z,ly
zn;p.'r =0Ty =

{0,026 -4- j 0,3)-500
2

=(1,024 — j0,002) =6,8 4 j76,7 Ou;

Vi = q\Yln= (0,957 -} j 0,0042) §3,78-10-°.500 =
=(—17,854 j1810) 10~¢ Cu;

1 1
Lo = Yo, ={—7,8 ] 1810)- 100 239 — ] 552 Ou.

6) Pacuer nNpHOGNIHXeHHHM cruocoboM.
TMpurumas =1 ® gz=1 8 (2-166) u (2-167), nna IT-cxe-
ME HMeeM:

Zip.n=Zyly= (0,026 +  0,3)-500 = 13 +- j 150 Ous;

Yy, j3,78.10-5.500
) 2’,"_.'5 > —j945.10~¢ Ca;
1 1

Znn= Yau j945-10-¢ 71058 O,

a pna T-cxemer:l
Z\ly (0,026 - j0,3) 500
e i e
Vyp= Yl = j3,78-10-°.500 = j1890-10~¢ Cy;

1 !
Zyr=y,,= J1800-10-¢ — 1529 Ow.

=6,5 4 j75 Om;

B) Pacuer ¢ nomMoump pasO6uBKH NHHHH
Ha ABa NoclJenoBaTedbHHMX yuacTka (yrou-
BEeunb#t cuocob, sapuHauT I). Jluumo pasgmaem
¥a 1Ba yYacTKa JJHHOH [0 250 KM Kaxiwifl. 310 NOSBOMIA-
€T ONpejesTh DapaMeTphl Ka)KAOTO yuacTKa Kak ;ns JiH-
HHH CPaBHMTEJBHO HeOOJbILOH mJIHHLI, DpHEMMasd B (2-166)
u (2-167) gi=1 n go=l.

B coorBercrBuH ¢ 3THM nnA [I-cxeMei:

Zap.u=Z1l=(0,0264-j0,3) -2560=6,54-76 Onm;

Yin (3,78-10-.250
Yoa= 9. = 5

=j472-10-% CM;
1 |
o=~ 10- 5

. a2 g T=cxemmi

Zpam thn QOB DB 3,95 4 1575 On

Yua=Ylx=j3,78-10—2-250—=j945-10-¢ Cu;

1 1
zll.1'= m=m§‘10—_‘=“i1%8 Om.

— j2116 Owm,

E5+j 75 E5+5 75
2725 2723
% ’ —_— ™} - J_l
2116 58 ~j2178 2118
2800 =} 2800 j 2600 2600
1 M <
: = -
i R A e R L
227j/353|  |220j063) [22+i363|  [22+1/363
1058 71058
- 1¥00 = %00
6)

9 —

Puc. 2-45. llemoueunnie cxeMbl 3aMellcHHs npsamolt (o6-
pateOfi) M Eynesoi mocrejosarenbuocredf Juuum 500 xB
npH pasOuBke ee Ha xsa yuyacrka no 250 xm (K mpume-
py 2-7).
a — IT-exema; 6 — T-cxema.

Mpumeyadne PesymsTaTs pacyeTa NPMBeneHEl B CAEAYIO-

niemM nopsake (csepxy Buus): npamoft (oGpaTeoll) mocrepoBarennb-
HOCTH, HYJEBoH NOC/AeLoBATENLHOCTH.

Cxembr samemenmya npavofi  (oGparnoft) nocrenora-
TenpuocTy awEmM 500 KB, cocraBaenunie ¢ nomoupio I1- ®
T-cxem ansa pByX ydacTkop no 250 KM KacpblH, npuBene-
HEl Ha puc. 2-4D,a, 6 COOTBETCTBEHHO.

Jna cpaBHeHMs ¢ pesynbTaTaMu pacuera APYriMM CHO-
cofaMK TpWBeneM 3TH cxembl X BHAY IT- u T-cxem.

[Tonyuennass nmocme npeoCpasopamus Il-cxeMa munum
500 km {puc. 2-44,a) xaparTCpH3YeTCA CONDOTHBACHHAMH:

Zap.=12,08-1-j144,7 Ovn; Zg.s=1,69—j1040 Om.
To e nna T-cxemu (pue. 2-44,6):
Zyp.w=0,754j76,4 OmM; Zy.r=—1,75—j550 Om.

r) Pacuer mo yToumeHubM QopMynam
npu sameuwe runepbonumueckoir GyHKIHM
HEeCKOJNBKHMMH dY/leHaMHM CTEeNeWHOro pana
(yrouHeHHwfi cnoco6, sapuaHT II). INonpaeou-
Hele Kosbduumentol g ¥ ¢ onpenensioresa no (2-172):

ZyY 0,026 -} 70,3) j3,78-10-¢.500°
Py R msm-’-"l‘ ( + 0 “6 -
'— 0,953 -1- j0,0041;
Zyn¥ 1 {0,026 4 j0,3) /3,78-10-*.500*

= 1,024 — j0,00205,

3uavenns napamerpoB Il-cxemul mo (2-166):
Zupo=qZ L x=(0,953--j0,0041) (0,026-}-j0,3) X
> 500=11,78-4j143 On;

Yyl .
Yon=§s %.—.{1,024 — j0,00205) X

i3,78.10-8.
XM=“,935 -+ j965) 10~ Cw;

1 1
Zp.n="y—=""(1,935 1 ]965)- 10~

~=2,08 — j1038 Om.



{ 3uauennn napamerpos T-cxemm no (2-167):

Zup = 02 32— (1,024 — 10,00205) X

- i0.3y.
X(n,ﬂzaa—l-;2 »3) -500 ==6,78 - 76,5 Om;

Ya.x=q:¥ il n— (0,953-1-/0,0041) -}3,78 108X
X500— (—7,754-1800) -10~8 Cis;
i

Zn.x =V s (775 T JT600)- T0~% — — 239 — 1555 On.

Pesynbtarel pacdera pasfAvHLIMH cnocofamp papece-
bl Ha CXeMHl 0o puc. 2-44,a n 6.

Crepyer otMetuTh, uTo jgna IT-cxelm pacuer yrounen-
@nx napamerpoB mo II BapmaHTY MOXeT Takke NpPOHSEO-
JHTBCS C HOMOIIBIO pACHETHBIX BhIPaXeHHH, N03BOJAI-
quHX M30exaTh ONepanHil ¢ KOMIJIEKCHEIMA HHCIaAMM

IOna pacuera Zppyu ¥ Zgg MOMNKHO BOCHOJIL3OBATHCH
fpacYeTOM C NOMONIBIO TONPAaBOYHBIX KO3(OUIHEHTOR g,
gz u qp mo (2I1-105) w (2I1-106):

Xab, 0,3-3,78-10-5.500°
gr=1—"3"=1— 3 =0,905;
2nbn
n—" X

s lm————=

0,0262-3,78- 10-*.5002
0.3

0,3-3,78-10—¢.500% —
6

=10,953;

3 3--0,
Ts0,57 +giom=1.022.
ITo (21-104): ?
Zﬁ9-5=qfru+f‘}'xxn=‘hr tlatjgsxaln=
; =0,905-0,026-500-]-j0,953- 0,3 - 500=
; =11,774j143 Ou;
Yo.n= g %I:%f .%']"=

. 3,78-10-%.500
030 2100500

=I"""

q = 0,5 =0,5

—j966-10-% Cug;

1 1 .
L= EZW-—HO% Om.

Pezyapratn pacuera mapamerpos Il-cxeMm Taxum cno-
<o00M HpaKTHYECKH COBNaAaloT ¢ pacyetaMu o (2-172).

6. INapamerpsl M- 1 T-cxem ans Hynesoi
nocnepoeatenkHocT (puc. 2-44,8, 2)

TlapameTpel Ha efMHHIY JJFEH JMHHB jUid HyJeBoll
TOCNE OBATENLHOCTH s)pawlmaﬂu B IphMepax 2-4 m 2-6):
<onpoTnBieHne  Zo=0,176-}j1,09 Om/xm; emroere Cp=
=9,15-10~% d/rm. -

Pacyer napamerpon II- m T-cxem samewmerps auamu
HYJIeBOH LOCJAEA0BATENBHOCTH NPOMSBORHTCH AHAJNOTHYHO
pacyeTy aas [Opamoil MOCAEJOBATENLHOCTH. PesyibraTh
JacveToB HNapaMeTPOB CXeM 3aMelleHHs pasHbiMH cnocoba-
MU TpHBEJEHH Ha puc. 2-44,8 1 2.

CpapHpsasn pesyasTatn pacderos IT- u T-cxem aame-
TEHHA, MOXHO YCTAHOBHTb, YTO JIsi paccMaTpuBaeMoit JH-
w500 KB pammoft 500 kM pacuer NPHOARIKEHHEIM CHO-
«<060M CBf3aH ¢ HEKOTOPHIME NOIPELIHOCTSIMM, GoJee za-
WETHRIMA JIIA CXeM HY/eBOYl MOCIEA0BATEILHOCTH, B TO Bpe-

L d)

Puc. 2-46. Tpexdasubie JHEHH ¢ OJHOMKHABHBIMH KaGe/ sMu
(x npumepy 2-8).

@ — ODHHOYHEA JNHHKA; 0 — Ape napajaienpHble NHHHH.

M KaK YTOYHeHHble cnocofw, B OCOGEHHOCTH MO BapmaH-
Ty 11, obecneanBaroT pesynbTaThl, 6/M3KHEe K pesysbTaTam
pacdera TOYHEIM cnocobom, YUMTHIBAOWAM rEIepGoJImue-
ckae (QYHKIMH € KOMOJEKCHHIMH apryMeHTaMH.

Npumep 2-8. OnpenesuTh COMPOTHBNEHWE HA ELUHHLY
Anpael npsivofi (o6patHofi) M HyueBol MocneAOBATEABHO-
creit onuHouEofi TpexdazHON MHHHE H3 ONHOMHILHEIX Ka-
Gesieit 110 kB pacyeTHeIM cedenmem 270 mm2, reoMerpuue-
CKHE DaSMEpH KOTOpPOLO NpencTaBleHn Ha puc. 2-46,a, u
CONPOTHBJIGHHE Ha EJHAHIY JMHHLL HYNEBOH DoCIenoBa-
TENLHOCTH ONHOMHABHLIX Kabeself Toro xe cevenus, obpa-
BYIOIHX /iBE Dapas/ieNbHO BKJIOMEHHBE Tpexdasubie NHHHP
no puc. 2-46,0.

A. Onpepenenye CONPOTHBNEHMS MPAMORN
(o6paTtHoii) nocneposarensHOCTH
ORMHOYHON TpexdasHoH NMHKU

13 opHOMNunbHLIX Kabenei (puc. 2-46,0)

CymmapHoe aKTHBHOE cONpOTHBNeHne npumofi (o6pat-
HOfl) TOCAeJOBATENBHOCTH Kafens  olpegenserca  no
(2-177):

X*mros
Fin=rg-t X Pos?
rae ro=0,068 — axTHBHOE CONPOTHBIEHEH NpPAMON NOCHTE-
[OBaTeNBHOCTH, B3uTOE H3 Taba. 2-9;
AKTHBHOE CONPOTHRMACHHE CBMHUOBOA 0O60J0YKH — Mo
(2-175a):
. 0,802 B
iy (Pa-1-es) (Pu—0s)
0,802
="{8,8 1 3,00 (3, 44— 3,04) —0:309 Qu/m;

CONPOTHBJIEHAE B3aHMOHHAYKUEH — 10 (2-176) c yueTom
(2-1763)

2D.p
o = — — =0,145%
X == Xo5 0,14512 b - Pa

2.7,72

Xig m=n,0545 OMKKM.
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Torra
0,05452.0,300
rin==0,068 + 555152 1 0,300

HuaykTBHOE conportheienue npsmofi (o6parnof) mo-
cJienoBaTe BHOCTH onpenensiercs no (2-179):

0,0773 Ow/k.

Dcp x'm . 7'72
Xipn= 0,1451gp8.n ""'xzm+ ,305 0,14512 W-
0,0545?

— W=0, 124 Onm/rn,

rfe ps.n npinto no (2-63z) mpu k=09 mnsa nojoro npo-
BOJIHAKA.
Taxum obpasom,

Z1x=0,0773-H0,124 Omfrcm.

b. Onpepgenetve CONPOTHBASHNUSA
HyNeBOH nocnefoBaTeNbHOCTH
OAMHOYHOM TPEeX(hasHONH AUHMM

u3 ogHOMUNbHEIX kabeneii (puc. 2-46,a)

ConpoTseJieHne B3aHMOMMAYKLUHHM HYJEBOH HOC/EAOBa-
TENMLHOCTH MexKay CHCTeMOl KHA M cucTeMol ofoaouek
onpenensercs no (2-180):

D,
z — 0,154 10,485 1g B
0(u-c6) i i e

rae Dy=1000 m=10% cu — nusi BraxkHOR 3eMIH.
CpefiEce reOMeTpHYECKOE PaCcCTOsHHEe MeXiy CHCTeMoR
#ua B cucremofi o6onosexk — no (2-1806):

D inosy s = 3/ poDlep =/ 324772 ==5,78 cu,

rae cpefnnft pagHye obonouek no (2-1766)

_ Putpa 3,44--3.04
fos =" 5 = 2
Taxum o6pasom,

- 108 :
Zy (nos) = 0415+ 70,4351 55 =0,15 - /1,844 Ou.

=3,24 cM.

CoberBentioe cOMPOTHBIEHHE HYJEEO NOCIe/OBATE/E-
HOCTH CHCTEMB! XHJ KaOenelt ompenensercs no (2-181):

D,
Zop=ry+ 0,15 + j0,435 1g pc:n ;

CpenHel reOMETPHYECKHMHl pajHyC CHCTEMBl TPEX KHA
kabenelt — no (2-77):

Pepen =/ Po.sDp = 13/ Ve bl Ttk 3 ot

rie Pe.n NpuusTo 10 (2-63a) npr k==09.
TaxuM 06pasom,

&
Zm‘-‘_— 0,068 + 0, 15 + j.0,435 12 '31‘—09—6*_"

— 0,218 4 j1,915 On/xee.

CofGcreensioe CONpOTHRIEHUE HYJNEBOil NOCNENOBATENL-
HocTH cHeremBl 060JIOYER ONEOXHIALHEIX kabeaell onpepe-
JsteTess mo (2-182a):

Zoos = ros -+ 0,15 - 0,435 1g

2 =0,309 4
Doty s
10%
40,15 -4 j0,4351g ‘5‘9.?'8=U,459+ 71,844 Om/xem.

ConpoTHBJIeHNe HYJEEOH INOCAENOBATENbHOCTH Kabens
JNst MepBOro MpenedibHoro cayuas, Koraa 06onoska Kabens
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MMEET XOpOLie¢ 3a3eMuenne, onpenenserca no (2-183):

Z%0 (n06)

6) _ Oy .

ZD = Zgg ——7 =028+ 1,915 —
(0, 16 - 71,844)*

0,250 5 71,844 —0,365 410,125 Oni/kne.

AGCOMOTHOE 3HAYEHHE STOTO CONPOTHBJEHHA PABHO:
Z=0,386 Om/xnm.

Conpmnsnemle HYJ:[(EBOE nocJaeioBaTeNEHOCTH Kabens
AJR BTOPOro MpefenbHOro ¢Iyyas, KOraa Beck TOK (pasumx
DgBDAOB BOBBpAaNlaeTcqa Io DOOJIOHKaM, onpeneadeTca ne
(2-184) mau (2-184a): .

Z8R) = Zoy+ Zoos— 22, (mogy = 0,218 + /1,915 4

+ 0,459 4 j1,844 — 2.(0,15 4 j1,844) =
= 0,377 -} j0,071 Om/ga;

H D(ﬂ-ﬁ) -

,zg’ﬁ) = ry+ ros + 0,435 1g i =0,063 +

5,78 ,
40,309 -+ j0,435 1g 5755=0,377 -+ j0,0715 Ons/xaz.

ABcomoTHOE 3HAUCHME ITOTO CONPOTHBJAGHHA PaBHO:
Zm=ﬂ,384 OM,{KM.

Cpassenre alcomoTHEIX 3HAuCHHR CONMPOTHBACHHH I
06oHX TpenelbHLIX COYHaen MOKASHBAET, YTO OHO MaJjo 3a-
BHCHT OT XapakTepa 3asemJenus Kabens.

Conpornenenne MyJepofi TociiesioBaTeqsHOCTH Kabens
OUpeAEnseTCs Kak cpefHee apH(MerHuYCcKOe NpeaesbHLIR

snavennti 28 u Z§QY
0,365 4 j0.125 4 0,377 -+ j0,071
g ==
= 0,371 - j0,098 One/Kn.

OTHOLIEHME AKTHBHOIO CONPOTHBJEHHA HYNEBOR mocae-
[IOBATEJLHOCTH K AKTHBHOMY COMPOTHBEJEHHIO TPAMOi MO=
Cilef0BaTC/IbHOCTH PaBHO:

29 =

i 0.1 _4.8;
fm 0,073~

a4 OTHOLIEHHE PEaKTHBHOTO CONpOTHBJICHHMA HYyJeBofi moche-
AOBATGALHOCTH K PEaKTHBHOMY COTDOTHBJAGHMIO npsivof
NOC/EI0BATENLHOCTH PABHO:

(00)
Toep 0,098 g 79
% —0,124 .

B. Onpegenenre conpoTMBneHmMs Hynesok
NoCneAoBaTensHOCTU ABYX MapanfnenbHo
BRJIIOYEHHEIX TpexdasHbIX NUHUA

M3 ogHoMunbHLIX Kabenel (puc. 2-46,6)

ConpoTusJeHse B3aHMOMHAYKLHE HYJEBOR INOCAENOBA~
TENBHOCTR Mey cHCTemamu xHn u ofonouek no (2-180):

' D,
Z — 0,15 4 j0,435 Ig ———— =
0 (n-06) +f' g Dtn-oG] 5
108
20,15 + j0,435 1g 757=0,15 -+ j1,615 Ont/x,

rae D;==1000 m=105 cM — ngas BazxEOK 3€MIH.
CpesnHee reoMeTpPHUECKOE paccTOfHHE MEXAY CHCTe-
Mami xkui ¥ obonovek onpenensior no (211-101), pacemar-



pusas ofonouky kak Tpoc. Ilpm sTOM B CGOTBETCTBHH
¢ prc. 2-46,6 MOXHO NOJYYHTH:

Dgo) 5= I;f pos D218 (14-D)? (1— D)g(, 2 )« (1 —é})‘r—

='; Pt (D) u—D) (14 -2—)2-(:—-—2-)2 ~

2=}/ poeDT = 3/ 3.067,7565F —=19,4 e,

rae [=65 ¢M — paccrounHe Mexay TpexdasHbIMH Kabesn-
HbME JHpEME; D—=7,72 oM — paccrosHHe MexAy Kabens-

Pos = E"IL-"E"?_Bt3324 CM.

CofcTBeHHOE CONPOTHBACHHE JIEBOR NOCHAEA0BaTENb-
HOCTH CHCTeMEHl »HJ Kabexeit mo (201-91):

MH Tpex(rasHoi JHHHH,

D,

Zog= 340,154 j0,435Ig 5———

ps.nD% cp

Bxopsuee B (2I1-91) cpeanee reomeTpHueckoe pac-
CTOSMHE MEXY XHJaMH Kabenell ofipezensiercs 1o
(2I1-92) B cooTBeTCTBHH € pHC. 2-46,6:

Dey=y/ DB (IF D) ( — D) U ¥ DJ2y ( —D/2p ~

=~y TP =y TTF6 =3/ To410% cu,

Taxum oBpasom,
108
/0,9-T,16- 164108

=0,184 -} j1,65 Om/xm.

0,068
Zop = '"_2'_"'0-15 - j0,4351g

CobcTBennoe COMPOTHBJEHHE HYNEBOH NOC]E0BATENb-
HOCTH cuCTeMbl 0GonoYexk mectd KaGeneii mo (2I1-98):

3res
Zoos = 40,15 4 0,435 Ig 2 |
POGDscp

rae ro6==0,309 OmM/um (us m. A Hacroswero npuMepa).
Bxoasuwee B (2I1-98) cpeanee reomerputeckoe pac-

CTOSIHME Mexxay ObonoukaMu Kabesieir onpejgenserca 1o

(2T1-99) 1 B naHHOM CiyYae COBMANAET ¢ BHYHCJIEHUBIM

o (2[1-92) paccrosuueM Memny >xuiamu kaGenef.
Tarum o6pasom,

3.0,309

Zoos =——g—+0,15 +

+j0,4351g ———
/8,24-164-10°

—0,305 + /1,615 Om/xu,

Jlanee pacueT Benercs aHaNOrHUHO TO0My, Kak 8710
6uno caenano B m. B, :

Tlpumep 2-9, Onpefenuts cOnpoTHBNEHHe HA eHHuILY
AmiHb npaMoit (ofpaTHOH) W HYJeBOi NocjenoBaTeNbHO-
Crell TPEXJKUNLHOro Kabens pacueTHmM cevendeM 185 mm2,
FCOMETPHYECKHE pPA3MEpPH  KOTOPOTO NPERCTABJCHE Ha
_PHC. 2-47,0, H CONPOTHRJIEHHE WA eIMMULY AJMHEL HyAeBOH
NOCACAOBATENLHOCTH YETHIPEX NAPAJJIENbHO BRJIOYEHHEIX
TPEXKUILHEIX Kalenell TOro e cevends no puc. 2-47,6.

NS dblen

"'
%
)
%
#
;
/
/]

__:ﬂ |
O O
®.® & &
I=15cm | I=18em | {=/%em
I 7

Pre. 2-47. Tpexdasubie aHduE ¢ TPEXKUMLHBIMU KalelsMe:
(x npumepy 2-9).
a — OBMHOUHAS JAHEKA; 6 — YeTEpe NapataennHule AHHEH,

A. Onpegenesue conpoTHBREHMSI NPSMON
(obpatHoit) nocnegoearensHoCTH
TpexkuneHoro kabens (puc. 2-47,q)

Conporupnene npamoir (o6parsofi) mocsezosaTenbHO-
CTH TPEX)KHIbHOro Kabess ONpenensercs TaK e, KaK s
BO3LYIIHO# nunuy, mo (2-75): '

D,
Z,=r,4j0,1451g fﬁﬁo,ogg + j0, 145X

. 07
X Ig %:0,099 + /0,088 Onm/x,

rae Dop — paccTosiHie MEMAY OCAMM  KEJ, CM; Ps.n —
SKBHBAJIEHTHLIE DAajAyC TOKOMPOBOASIIEH KUJIE, DPHHHMAZR
B mnepeomM npuOmixenuu k=0,779, Kak AIA CIVIOWIRLIX
KPYTJBIX TNpPOBOJOB M3 NEMATHHTHOTO MaTepHana, no

(2-63a); Po.o=0,779pu==0,779 —5—=0,763 cmM; ryg—HZ-
7aba. 2-9.

B. Onpegenenue conporrenenus
HYNeBOH NocnenoBaTensLHOCTH
TpexXxuneHoro kabens

ConpoTuBiese B2aUMOMHRYKUMH HYNEEON nOCAEROBA-
TEABHOCTH MEXRY CHCTEMOH KHJA M CHCTEMOH 06O0JIOYEK.
cnpepemierca no (2-180):

_ : ; D,
Zp nop) 0415+ 0,435 1g ~.

Cpejiiee reoMETPUNECKOE PACCTOSHUE MEKAY OGOJOU--
KO M XuJame kabens, gaaaoe cpejHeMy pagHycy o6o--

JIOuKH, onpezeasieres no (2-1766):
4-ps 3,81 44,13
Dot s =06 = P'_'?""’“—“MT_T&W .

Takms obpason,
108
Zy (o) = 0,154 j0,435 1g W=D'15 =+ j1,915 Om/rm,

CofcrBennoe CONpoTHBAEHUE HYZNEBOR NOCAEROBATCb~
HOCTH CHCTGMBl KHI walensa ompegnensercs ao {2-181):

Zoy=1ry+ 0,15 j0,4351g Fz*n =0,099 4- 0,15 +
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108
+ 70,435 1g 7g5=0,249 -} 2,05 One/xm,

TRe CpenHufi reoMeTpHYEeCKHE PAMYC CHCTEMBI TPeX MXHA
wabexs mo (2-77):

8 3
Pep.an =" Ps.nD%ep=17/0,779-0,98.3,07* = 1,93 em.

CofcreeHHOe CONPOTHBICHHE OOOJIOUKH OlpeAenseTcs
mo (2-185):

~ D
Zoos = 3ros + 0,15 4 j0,435 1g -ﬁmf—mma-o.ats +

108
+ 0,16+ 0,435 g 5-g7=1,005 + j1,915 One/xm,

Tae aKTHEHOe CONpOTHBJeHHe CBHHHOBOﬁ 060.1'!0%2!1 OHPE'
mensercs mo (2-175a):
o2
706 = Tou F o) (Pu— )
0,802
="(4,13°3,81) (4,13 —3,81) —0»315 Om/rm,
ConpoTHBIeHHe HYJEBOH TOCHEAOBATELHOCTH Kabess

JJifl MepBor0o MipeflefbBOro oAyyas, xorma obonouka kabe-
JIf HMEET XOpollee 3a3emJenne, onpenelsierca mo (2-183):

o6) Z% wos)
iy ~Lar—g -

(0,15 4 j1,915)2
~ 1,005 171,015 —0»843 -+ /0,483 Ou/xwm.

=0,249 4- j2,05 —

AGcomoTHoe 3H@YeHHE STOr0 CONPOTHBJEHHS DaBHO:
Zo 1=0974 Om/fum.

CoirpoTHRlicHHe HYJIeBOR MIOCHENOBATE/IBHOCTH Kabens
A28 BTOPOTO TPEJeNIbHOTO CJiydas, KOrjia BeCk TOK (pasHbX
il{gnalzﬁ)mapmaem mo ofoJouKe, ONMPeIeNsgeTCsT MO

Z§E) = Zon + Zoos — 22y (g.05) = 0,249 + j2,05 +
B 4 1,085 4 j1,915 —2 (0,15 4 j1,915) =
= 1,044 4 jO,135 Om/xm.
AGcomoTHoe 3HayeHue STOr0 COUPOTHBJEHHS PABHO:
Zo 11=1,055 Owfrm.

CpaBHeHne alCOMOTHWX SHaueHHA Qs OGOHX mpe-
JIENBHBIX CJIYYaeB TIOK23LIBAeT, YTO OHO CPaBHHTENBHO Ma-
JIO 3ABHCAT OT XapaxTepa 3a3eMJieHHH Xalbess.

Conporsplienne HYJIeBOR NOCIEIO0BATONLHOCTE Kabesis
‘ONPeleNiAeTCs KaK cpefiHee 2pHPMeTHUEOKOe [IPERENBHEIX

Sranerh 2P u 2\
0,843 |- j0,483 4- 1,044 4- j0,135
5 =

1 o7 {08,
l.zlg_lcp] iz

— 0,944 -t /0,300 On/xn1.

OrHolllense aKTHBHOTO COMPOTHBJCHHS HYJeBOH Nocie-
JOBaTeNBHOCTH K ZKTHBHOMY COTPOTHBIEHNIO HPAMOE mo-
ANSIOBATENBHOCTH PABHO;

roep 0,944 .
7, =0,009=2:5%,

‘@A OTHOWICHHE PEAKTHBHOTO ICONPOTHBAECHAA HyNieBOil Nocae-
JOBATEIEHOCTH K pPeaKTHEHOMY COIPOTHBJEHHIO npaMod
HOCHGAQOBATE/TLHOCTH PABYO;

%9 0,300 :
x, 0,0887 "o
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B. OnpepeneHne conpoTHBneHUs
HYNEBONU MOCNEAOBATENLHOCTH
yeThIpeX NapannensHo BKAIOUEHHBIX
TpexuneHLIX kabeneii (puc. 2-47,6)

Conpotuslienne B3aHMOMHIYKUHH MYJesoil mocsenosa-
TENLHOCTH MEKLY CHCTeMaMH Xua K obojouex 1o
(2-180):

D,

Zy (of) = 0,154 j0,435 1g -5;-;6)—9_ i

Cpensee reoMeTpPHUYECKOE PACCTOSIHHE MEMIY CHCTEMa-
MH xun B ofonouex, Bxoasiee 8 (2-180), ompenensercs
no (2[1-101). B coorsercrsuu ¢ puc. 2-47,6

48 = | ¥ L,
Doty 5= y/ Pogl™® (20)2 (31)° = 3/ pPosl® (20)? O =
-:":;/-3.972-19’-382-57 == 17,5 cm,

nie =18 oM —paccTosHHEe MeXAY ABYMS COCELHHMH Ka-
Gensmu;

Pots == EE-(—"ELB,—:S_Q? CM.

Taxum obpasom,
.. 10"
Zy (wos) = 0,154 j0,435 lgﬁ=n.15 + 1,635 Om/xM.

CobeTeennoe CONpOTHBACHHe HYNEBO TOCHeN0BATENb-
HOCTH CHCTEMM JKHJ weTHpex waberefi no (2I1-93):

n . D,
L= *-4—+0.15 +j0,4351g g ————,
V Pcp.nDacp (.21)

rlie Cpeliee TeOMeTPHUECKOe PECCTOFHHE MEHILY MHIaMH
4 wadenefl onpemensercs no (2[1-94) B COOTBeTCTBHH
c puc. 2-47,6:

6
Dep () = 5]?""' @@ =/ P2 3,=
— /938957 = 28,8 cm

H Pep.o=1,93 oM (13 n. B uacTosIero mpHMepa).
%&KHM obpa3om,
108

0,099 .
Y/ T,93.28,5°

Zpy=~"7—+0,15 4 j0,4351g 3
= 0,175 - j1,665 Om/rm,

CofcTBeHHOe COTPOTHRAEHHE HYJEBOH HOCTeI0BaTelb-
HOCTE <HOTeMH OO0WoueK yeThipex kalenell onpemesnsiercs
mo (2r1-98):

3r, D
z,,,,t-,=—---—4"E +0,15 }- j0,435 1g ————— =

y{ PosD? cp.of

1
wER
— 0,386 -} 1,635 On/x,

e Cpeliiee TEOMETPHYECKOe PaCCTOARNe MeXay 0b60A0wKa-
MH ueThipex KkaCemeit mo (2I1-99) B coorsercTBuH
¢ puc. 2-47,6:

Dep.os = y/ T (@31 ==/ T0-36%.57 = 28,8 e

H ro6=0,315 Om/xm (m3 m B uacrosmwero mpuMepa).
Jlanee pacuet BefeTCs aHANOTHYHO TOMY, KaK 970 Obi-
o ¢renano B 1. B wacTosnero mpumepa.

.0,31 :
=_3_._.a—5—+0. 15 4 j0,435 1g

Npumep 2-10. OnpenenuTs TOKH, DPOTEKAKLIME Yepe3
asToTpanchopMaTo TIPM 3aMBKAEHH OAHOA ¢astr Ha
seMJ0 B Touke K-I H IpH 3aMbKauHH MeXAY Jeyms Ga-
samMu B Towke K-2 B cxeme mo ‘pul. 2-48,a (mcxomuuie



Lucmema
Sy 3=Y000ME-#

Puc. 2-48. Hcxopnan cxema (@), cXeMbl samewtenun npamoi (6), obpatuofi (8) u wuynesofi (2
npE K. 3. B Touke K-I; npsmofi () m o6patuofi (e) nocnenoBaTenbHOCTE! NPH K. 8. B TOUKe

l NEA A FER
’ i 9,551

I JLy AT L iy

l i5 20 Jj5 20
Ln=—j5,050%0 K251 1= 5006
j225 J50e T L 20,8

(D¢ _1z1p®

Ly ﬁ 3) {J
NoCAeN0BATE/ILHOCTEH

-2 (g npumepy 2-10)

MNMpumevawmusn: 1. Crpeakamn obo3madeHsl TOKM K.8. (KA) B peTeax cxewel, manpsmenus (KB) npuseleHn B NPAMOYIONILHHEAX.
2. Ha pue, 2-48,6—~e noxasaHpl TOKH N HanpaiXevns oTHeAbHBIX NociefoBaTeqabyocrell, mpHEeileHHEle K ManpsmeHui0 crynenn 110 xB.

Jaurhe TpHMepa samumersosann u3 [37]). B uensx ympo-

" lleHHs] YYHTHBAIOTCA TOJBKO PEaKTHBHEIE COITPOTHBJCHHS.

DIeMeHTh CXEMHl XaPaKTEPHIYIOTCS CAEAVIOMHMH AaH-
HbIMH,

Cucrema 220 xB © MODMOCTEIO K. 3. Ha MHHaX

18k s=4000 MB-A H 9. [I. C. CHCTEMH KaK HCTOYHHKZ He-

230
HIMEHHOrO HANPSKeHHs E¢_¢=73m xB; conpoTusnenHue Hy-

TeBOH TOCJEOBATENBFHOCTH CHCTEMH B JBA pasa MeHblle
COMPOTHBJIEHHA MPAMOR MOCAENOBATEABHOCTH.
AsrotparodopmMaTop ¢ coempHerHeM OGMOTOK SBe3nol
H ¢ TPETHYHOH OOMOTKOM, BKJIOYEHHOH B TPEyTONBHHK, JIPO-
XOAHOH - MOIHOCTEID Snp=240 MB-A H THDOBON MOUIMO-
<tbi0 Sonp=120 MB-A, nampswennem 242/121/105 kB;
CONPOTHBJEHHSA K. 3., OTHECEHHble K MomuocTk 240 MB-A:

%r12=0,118; x715==0,107; X125==0,182.

CompOTHB/IEHEE HYNeBOl TIOCNENOBATENLHOCTH 4BTO-
" TpancopmaTOpa NPHHMMABTCH PAaBHEIM COTPOTHBJAEHRK
npaMoi MOC/enOBaTENEHOCTH asToTpancdopmMaTopa.

lenepatop P=100 MBT; cos 9=0,85; x”a=0,182.

B pacuere mprusTo, 4o ¢eth 110 kB omxiioveHa.

Pacuer BHITONHSAETCA B HMEHOBAHHHIX €IHHHUAX MOPH
TOUHOM TIDHBEACHHH K CTYOeHH wanpskewus [I, npunsirofi
B KaYecTBe OCHOBHOH.

Ins asrorpaucdopmaropa mo puc. 2-48,a neficThin-
TelbHA CXeMa S3aMemeHHs Kak J4ns8  TpexofmoTowHOro
1paxcHopMaTopa B BHILE 3BEINH, TIO Jyyam KOTOPOH TPO-
XomAT WpHBeneHkbe TOKH ctopod 220, 110 w 10 kB. Co-
C12BNEHHLIE £ YYeTOM YKA3aHHOIO CXEMH 32MEIUeHHs OT-
JelBHBIX fIOC/EOBATE/BHOCTEN MDY TPHHATHH CONPOTHBJIE-
wifl cxem samemenus npsmofi H ofparHOl MOcneAOBATENE-
HOCTEH OAMHAKOBHIMM OAaHH Ha puc. 2-486—e.

ConpoTHBNEHRS CXEM 3aMeLIEHHs PACCYHTAHB NPH HC-
TOAb30BAHHH CONPOTHBNEHHS CHCTEMEE

2202 [121\*
Xyo = Xge = 3000 - (‘2“4_2) =3,03 Om;
x0e=0,5-3,03=1,52 Om.

ConporuenenHs: asToTparchopMaTopa:

(0,1184-0,107—0,182) 121
Xy == 3 5a0 =131 Ong

" 2HAJOTHYHO
Xy2=D0,89 OM; xre=5,20 Om.

ConpoTtusienye reHepaTopa
0,182.1212
Xyp == '—;—OO‘{W'—=22 ,5 Om.

9. n. c. cucteMu Eg,p, NpHBENEHHAR K CTYNEHH Ha-
npsxenus: I
230 121 115

Feo=y5am~ys >
3. @, ¢. reHepatopa Er.p, CpuBepenHad K CTYJEHH Ha-
npsxenus I

. 10,5 121 121
Ere=ys 05773 "5
DKBHBAJIEHTHaS 9. I. C.
: 115.97,7 4-121.4,34 116
WO VB (21,7 4 4.34) V5 <P

A. 3aMbikaHue ofHOM a3kl Ha 3eMnio
B Touxe K-1 (puc. 2-48,a)

PesyneTupylolse CONPOTHBIEHHS CXeM 3aMelleHHS
mpsvolt, obpaTHofi K HyneBoll TIOCNENOBATENBHOCTEH OTHO-
curensio TowkH K-I (pue. 2-48,6—2):

Xyg == Xy = 9,64 Om; xpp = 7,73 Om.

Toxu mpamon, obpaTHOl 1 HyNeBOH NOCNSIOBATENBHO-
crefi B mMecTe K. 3.

116
V3 (2-i9,54 + j7.73)

—=— 2,48 KA.

jlx=jm=-rnu:=

IpuBenennrie X CTyneHH Hanpsakerua 110 kB .Toku

TIpAMOR TIOC/GNOBATENBHOCTH CO CTOPOHH chcTemb 220 xB
H €O CTOPOHH TeHepaTopa, KA:
%- i (9,64 47,73 + 5,89) (—j2,48)
*"u:.m;m:-j|= j4,34 =
= — j2,04;
121 :
ﬁ:-i (9,64 4 7,73 - 5,89) (—i2,48)
“‘II‘-HDRB _— 27,7 =
= — j0,44.
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IMpusenenunie Kk crymend 110 xB Toku obpatHofi u
HyJeBOH Mocse0BaTeFHOCTeH HAXOAATCA pacnpeienenueM
70Ka B MecTe K. 3. OOpPaTHO NPONOPIHOHAJEHO CONPOTHB-
NEHHAM CXeM.

Ha puc. 2-48,6—2 moxasaHO pacmpene/eHue IPHBEReH-
peix & crynedn 110 xB Togos oTmespHEIX mocheposaTenk-
HocTelt cropou 220, 110 B 10 kB asToTpatcdopMmaTopa.

Hatypaneneie TOKH OTMeNbHBIX NOC/AELOBATEABHOCTER
Ha cTopcHax ¢ uHanpsaxexHem 220 m 10 kB, wucxops Hs
TOUHHX 3Hauennfl ko3dpbuunenTOB Tpanc(opmannn, XKA:

2 121 5
121 5
12 (220 xB) =HP2,15@=—11,08;

’ 121 ;
Iu (220 xB) = —J1 :50‘2_@=_"10-80:

: ; 121 .
1y oxpy =— 10,4 7g e = — j5,1°0;

o121 B
13 (10 xmy =— 10,33 355610 = — 3,871,

HatypanbHble TOKH OTJEABHEX JIOCABA0BATEJLHOCTEH
B 00MOTKAX, BKJIOYEHHLX B TPEYIOABEMK, KA:

' 121 .
1y, =1j0,44 T 5=-—;2,92;

121
=—]2,20;

la=— 1033 y="10.6=

_ 121
fﬂa = jO,BSm:"‘JB.BS.

ToRH OTHeNBHHX TNOCAeN0BaTe bHoCTell B OOLlefl uacTH
OOMOTKH H B HeliTpainm asToTpaHcOpMAaTOpPa HE MOCYT
GHThE ONpeleNeHn HelOCPEICTBEHHO M0 CXeMaM 3aMellieHus
puc. 2-48,6—2, mockoMbKY B HHX He OTpaeHa obmias
gacTb OOMOTKH. TOKHM OTOEnbHHX NOCABACBaTeNbHOCTERN
B ofbwelt yacTH OOMOTKH B B HeHTpanu HaXousiTCcs B pe-
anpHoll cxeme asroTpancdopMaTopa, HCXOOA H3 HATypalb-
. HHIX TOKOB Ha cropouax 220 u KO0 xB, xA:

sqosmy=l1a10 xpy—ac220 k8 )=
=—j2,48—(—j1,02)=—j1,46;
Tzoom=12(110 xBy—T2z20 kBy=
=—1j2,48—(—j1,08)=—j1,40;
Togosm=loq10 xBy—l (220 nB)=
= 2,48— (—j0,80) ) =—j1,68.
Tox B ﬁeﬁl.rpaum asToTpamcdopmaropa
Tuenrp=3lo(06my=8(—j1,68)=—j5,04 xA.

ITo m3secTHRIM TOKaM OTHENBHHX MOCAenOBaTenbHocTel
Moxer OHTH Haiaeno pacnpeflencnne (a3HHX TOKOB Ha
OTHIeNBHEIX YHaCcTKaX CXeMHl apToTpamcpopmaropa, moxa-
3aHHKIX Ha pHC. 2-49,0 U PACCUHTAHHHIX CIeAYIOmMM OF-
pasom:

Qazsne TOKH B MecTe K. 3., kA:

Tea==let-lant
o w=3(—/2,48)=—j7,44;

Inp=Ixc=0.
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Qasume TOKM Ha cropome 220 kB, xA:
I a@20 xmy=l1c220 xmy+-T2(220 6By v
+logezo xBy=—71,02-4-(—f1,08) -} ~
- (—0,80)=—}2,90:
Ip(z20 xmy==0%11(220 wBy4-al2250 xBy
oe2o xmy=(—0,5—/0,866) (—i1,02)+
—+-(—0,5--j0,866) (—j1,08)4-
4 (—i0,80)=0,050,25;
Teao xBy==ai1(220 xBy-02 2200 By}
+og220 xmy= (—0,5--j0,866) (—/1,02)+
-}-(—0,5—j0,866) (—j1,08) }(—/0,80) =
=—10,05-}j0,25.

dazinle TOkH B 00wel uacT 0OMOTKE MOTYT OBITh
HafileHH XKaK pPasHoCTb TOKOB B MecTe K. 3. @ TOKOB Ha
cropone 220 xB (puc. 249,a).

Cymmaprnie Qasuble Toxum TpaMmoit u obparnoft mo-
chenoBatenbHOCTell B 00MOTKAX, BRJIOUEHHHE B TPEYIoJib-
HEK, KA:

fyoy = — 2,92 —j2,20 = — j5,12;

ligy=— 02]2,92 — aj2,20 = — 0,635 + j2,56;
Iy, =—aj2,92 — a*}2,20 = 0,635 + j2,56.
dazopne TOKH B MOABOXALIHX I[IPOBOLAX CTOPOHEL

10 xB (B wenu redepaTopa) HAXOAATCHA MO TOKAM BHYTPH
TPEYTONBHHKE, KA:

1 4110 kBy=—1j5,12—(—0,635-}-/2,56) =

—0,635—7,68:
1 10 wBy=(—0,635}-j2,56) — (0,635
~+-i2,56) =—1,27;
leqo xpy==(0,635-}-j2,56) — (~—j5,13)=
==0,635-j7,68.

OTMeTHM, 4TO TOKHM BHYTPH TPeyroJbhHKa, a 10 HEM
# TOKW B UEMH reHepaTopa Moryr OHTH TakKe Onpelene-
HH H3 ychoBHa Gavianca HaMaTHWYHBAIOIUHX <HJ OTReNb-
unix ¢as apToTpaHodopmaropa. B cooTsercreMM € STHEM
(IJEBHHB TOKH BHYTPH TPeyroJbHHKa paBHu (pre. 2-49,a)..
KA:

—j4,54- 121 — (—j2,90) (242 — 121.

I,= Vi105 =-=j10,9;.
;. (0,05 — j0,25) 121—(0,05 + i0,25) (242—121)
8= V3 -10,5 il
= — 0,66 — j2,32;
;. (0.05—j0,96) 191 — (0,05 + j0,25) (242 121) _
L V3 .10,5 a

= 0,66 — j3,32.

Brmuutas ToK wHyzesofi mocsiefOBaTENBHOCTH

=—j5,85 kA, monyvyaeM cyMMapHHle TOKH OpsAMofi H
obpaTHOli nocsiefoBaTenbaocTell [ip BHYTPH TPEYTOJLHHKA,
ZOCTATOUAO GJHIKO COBNaJALIHEe C pe3yJbTaTAMM paHee
IPHBEIEHHOrO pacyeTa.

Iy =
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Puc. 2-49. Peenpenerneniie dasubix TOKOB B aBToTpancgopmatope MpH K. 3. B Toukax K-1 u K-2 na puc. 2-48,a (k npa-

mepy 2-10).

8 — 3aMLIKaHHe Ha 3evmnw ophofl daiwm B Touke K-I: 6 — aaMunikanme Mexxny AByMs dasamu B Touke K-2.

TMpusezenuwe k crynesn 110 kB nanpsxewus o1-
NeMbHEX NoC/eRoBaTeNbHOCTEl B MecTe K. 3., KB:

U= j (%95 + %g.) I =i (9,6 +7,73)-(—j2,48) =43;
Usg = — jXou [y = (—j9.64)- (—i2,48) = — 23,9;
U= — %ot 1w = {—iT,73)-(—j2,48) = — 19, 1.

3nauenny npusefeHHbtx Kk crymenn 110 kB manpsxe-
Hrft npsvoi#t, oOpamioil W HyNeBOH NOCNEIOBATENbHOCTEN
B OTIeNBHHX TOWAX CX2MH 1Mo pHe. 2-48,a nokasann
wa puc. 2-48,6—2. Ilo nuM Moryt OHTH onpenenenb ¢as-
Wb HanpsiKenAst B OTAGALALIX TOYKAX CXeMH 1O
pHC. 2-48,0 TmpH 3aMHKAHNHM Ha 3eMNio OAHcH da3b Ha
cropone 110 xB.

b. 3ambiKaHue Mexay ABYMR a3zamu
8 Touke K-2 (puc. 2-48,a)

B cootserctrru ¢ § 2-10 npu pacuere K. 3. Ha CTOpO-
He HH3NIEr0 HAMPsKenus (32 TPEYrOJbHHKOM) B CXeMe
no puc. 2-48,a tpefyercs YYHTHLIBATh MOBOPOT BCEX 3.1.C.
HA yroa 30°.

DkBHBaNeHTHAs 3. H. C.:

1150/522,5 F 121/ 1 (3,08 + 1,31 4 5,20) _
(3,03 + 1,31 + 5,20 - 22,5)
= 116,8¢/% xB.

Zaxn —

PesynbTHpytoiee cONPOTHRNEEAE CXEM 3aMElleHHs nps-
MOfi M OO6paTHOM TocneqOBATENBHOCTEH OTHOCHTEIBHO TOY-
ku K-2 (puc. 2-48,0 u e}:

Ilpusenennwie K cryneHu Ranpsxenuss 110 kB TOkM
npsimoit u oGpaTHofi NocaegoBaTesnLHOCTEll B MECTE K. 3.

116,830 Pk
—— e — e T " {s K
R=VE By

Ha pue. 2-48,0 u e nokasano pacnpenenenie npHBe-
neunbix k crynend 110 kB Toxkos npsiMofi u ofpaTunofi
nocienoBaTe bHocTedi ctopor 220 m 10 kB aBroTpanchop-
Maropa.

Harypanbebie TOkH npsiMoRt W ofpaTioil nocnenosa-
TeabHOCTER B MecTe K. 3. HCX0QA M3 TOYHEIX 3HaueHwuf
ko3dduuuentos Tpanchopmanun:

Fixcto xBy=—1}j5,03ei3¢-121 /10,5=
=— 586430 xA=—1I2x(10 xB)-

Harypanbune tokm npsimofi M o6paTHOA nocnenora-
Teashoctell croporn 220 kB ¢ ydeToM ToYnbx 3HaveHHi
k03¢ HuKeRTOB TpaHcHOPMaUMH K Nepexona €0 CTOPOHL
TPEYroNbLHHKA Ha CTOPOHY 3Be3fibl DPABHH, KA:

Tyq220 xpy=—17)3,43£7%0.6-330.12] [242=—{1,72;
3230 x By==3,5367%0-£3%0- | 2] [242w==
=—1,53-1/0,88.

fn(:—_’z
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HatypaspHele TOKH npsMoH u ofpatiroli mocsienosa-
TeabnocTel na cropore 10 kB B uenu reneparopa, KA:

N0 xpy=—j1,60e7%°-121 /10,5=—18,4e3%0;
Ia10 kBy=j1,500330: 121 /10,5=}17,3e330,

[No usBecTHLIM TOKaM OTAEABHLIX TOC/CIOBATENBHO-
cTeft moxer OniTe HafmeHo pacnpenenenHe (GasuslX TOKOB
Ha OTAENBHEIX YUYalTKaX cXeMs! aBTOTpancdopmaropa, no-
Ka3aBHBIX Ha puC. 2-49.6 M paccyHTaHHBIX CJEayolHM oG-
pa3om.

Pa3uvie TOKH B MecTe K, 3., KA:

hg=— V3 oy =— iV 3 (—j58el™) =
= —87— j50,3;
iHC -— IVQ_I-IKUDKB}: j VS_ (— j58¢"3° — 87+i50,3.

Pazupie TOkH Ha cropoHe 220 u 10 xB, malizeniuvie
IO TOKaM OTHAEALHHIX COCTABAAIOWNX, KA:

! at220 wBy=11(220 seBy-Lor220 kmy)=
=—jl,72+4(—1,53+4-j0,88) =—1,53—;0,84;
18220 « By=0%I1(220 s By-}-al2220 cBy=
=0a2(—j1,72)+-a(—1,53-}j0,88) =—1,49—j0,91;
leazo wmy—=alsz20 xBy-+ a2l2220 xBy=
—a(—1,72)}-a?(—1,53-}-j0,88) =3,024-/1,75.
Qasunle TOk# Ha cTopore 10 kB B uenu reneparto-
pa, KA
P ago wB=I1¢10 xB)y-F12000 ¥B)=
—— 18,4330} j17,3¢%9—0,55—0,95;
I'sgro kBy=a% 1110 xBy T 2080 xB)'=
— a2 (—j18,461%)}-aj17,3ei%=—27,15—15,1;
Lepo xey=alio xBy+02l2¢10 xBy=
—a(—i18,4¢7%0) } 02]17,3e7%0—26,6}-{16,05.

FrMABA TPETHAR
METOObl COCTABJIEHHMA CXEM 3AMELUEHMA

Paspple TOKH, NPHXOAALLHE €O CTOPOMBI aBTOTpaN.-
dbopmaTopa X MeCTY K. 3., MOMHO OMpCHesHTh, HCX0AA H3
¢gra3spuix TOKoB Ha ctopore 220 kB, no coorHowenusM pas
AByxo6mMoTOURBIX Tpanchopmaropoe tabn. 2-10a.

Ith Toku MoryTt ObiTh Takae HafiZeHH Kak pa3nocthb
TOKOB B MeCTé K. 3. H B lennu rexepatopa (pwc. 2-49.0).

Ilnsi MpoBsepKH MOJYYEHHOro TOKOPACNpPEILC/CHHsI Onpe-
BEIHM TOKH BHYTPH TPEYTOABHHKE, HCXOAS H3 CyMMaplulx
TOKOB NpAMOA H OCGpaTHOR NOcaenoBaTeNbHOCTEA Ha CTOpO-
e 220 kB, kA:

— 242
lq=1I1gy = (—1,53 — 0,84) -To—rmm
= —20,35 — jt1,15;

¢ 2 242
13=fl23=(_1949—jn.91)-m3—_=
= 19,8 —jl2,1;

i 242
= = 3' j L3 . —
I, =I5, = (3,02 + j1,75) sV

=40,1 = j23,25.

@asnuie TOKH B LeNH reHepaTopa MOXIO TakXe Ollpe-
JEJTHTE KaK paSHOCTb Q)aSHHX TOKOB B MECTe K. 3. H TO-
KOB, MPHTEKAKIIHX CO CTOPONLI aBTOTpancdopmaTopa (T. €.
HE BEIYHCIIAA CHMMETDHYHLIC COCTABAHAIOLIHE TOKOB B LCMH
recHepaTopa).

INpueencunpe Kk crynesu 110 xB panpsixkenns npsmoil
¥ o6paTHON NOC/EAOBATEABIOCTEN B MECTE K. 3.

()IKA = OM = jx2§jll'ﬁ - 15-70'('—f5,038330 =
=133,6¢/%0 kB,

3uavenusi HanpsxeHHi npAMOd n obparHoR mocneso-
BATeNBHOCTEN B OTIENBHBIX TOUKAX CXeMul Mo pue. 2-48,a
nMoKa3saHel Ha pHc. 2-48,0 u e. Ilo nuM Moryr 6uLiTe onpe-
hesieHsl Qa3suble HaNPAXEHHS B OTAGNBHBIX TOYKaX CXOME
pHC. 2-48,0 NpH SaMBIKAHHAX MeXAYy aByMs dasamm ne
cropoite 10 kB.

HYJIEBOM NOCHEAOBATENIbHOCTH MAPANNENbHLIX NMHUA

3-1. OBLUHE NMOJIOMEHMA

I. [Ipr mospexaeHuaX, CONMPOBOXAaeMEIX ROSiRNEHHeM
TOKOB HYJIeBOM TOCNENOBATENLHOCTH, BO3HHKaeT HeoOXo-
JHMOCTh Y4Y€Ta JIeKTPOMATHHTHOH H eMKOCTHOH CBA3H MEX-
Ay OGau3KO TpacCHpYeMHBMH JNHHHAMHM SJeKTponepeiauy.
B muacrosuiee BpeMs HMEST MECTO 3HAYHTENBHOE YCJHOIK-
HeHHe KOHOHrypainHH ceTell H MOSBJIEHHE B MHUX YY&ECTKOBR,
rae MO OAHOW Tpacce NPOXOAHT OOSBLIOE YHCHAO JHIHH
OBFHOrO MATPHKERHS H fae Pa3HHX HanpsikeHHit (BoceMb
nuHHA H Couee).

B ¢Bsi3H ¢ 3THM BONPOCLI COCTABJCHHS CXeM 3amelile-
HHf HYJeBOH TNOCNENOBATENBPHOCTH NAPAJenbHEIX NHiuH
ABASIOTCA BECLMZ aKTyandbHhiMH. [IpH CcOCTaBJEHHH TakuX
CcXeM SaMeulennsi AOJNIKHLI YUHTHBATBCA OCOGENHOCTH Ho-
MOAB3yeMLIX JJIsi PACYETA BLIUHCAHTENBIHIX YCTPOHCTE —
uHGPOBHIX BHUMHCHHTENBHLIX MALUHH, CTATHYECKHX pacuet-
HBIX MOJeneH NOCTOAHHOrO M IepemeHHOTO TOKa.

Becbma yaoOnB! cxeMBl 3aMEUIEHHA MapasnfienbHRX auH-
HHf, B KOTOPHX SJIEKTPOMAFHHTHEIE CBASH MEXAY UENsIMH
NyTeM >KBHBaJCHTHHX NpecOpa3opapnii NPHBOIATCH K 9H-
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CTO SJIEKTPHYECKHM CBA3AM; MPH 3TOM YCAOBHCM 3IKBHBA-
NeHTHOCTH SIBASETCH MIEHTHYNOCTh Yypaseesub Kupxroda
B peainiofl cXxeMeé H B SKBHBZAEHTHOM CXeMe € 3JIeKTpHue-
CkHMH CcBa3aMH. TIpH MCHOALZOBANMM pACHETILIX Moac.aeil
B PfAlle CRYYaeB ABJACTCA BO3IMOMCHBIM IIMATHPOBATL B3aH-
MOHHIYKTHPYIOLLHE CBASH € MOMOILLLIO TPaiichopMaTopoB
T0Ka ¢ kr=1,0; npu srom TpanchopMaToOpuLl TOKa MOJIKIILI
BHIMOJIHATECA H3 MNCPMaJios AJs OOCCleUeHHA XapaxTepH-
cTHKH, GJHSKOM K HAaeanpHbIM TpaucdopMarop.aM.

2. Hpme paccMaTpHBaeTcs COCTaBhcHNC CXeM saMe-
WenHs JHHHA 37eKTPOMEpeasy ¢ 3JICKTPHUCCKIMH CBA3AME
MEXAY 3AEMCHTAMH CXeM 3aMCHellnd, & Taki#e ¢ Tpanc-
hopMaTOPHEIMH CBA3NME AJR CAYUACE PACYeTa C MOMOLILIO
pPAacycTHLIX Moxenefl MOCTOSHHOrO i NEPCMENIIOT0 TOKA.

B § 3-2+3-4 paccMoTpenbl NPHILHALI COCTARAEIHNA
cxeM 3aMelliefiHR KOPOTKHX MNAapaJiCIbHBIX A C yucTOM
TOABKO 3JEKTPOMATHHTHBIX CBR3CH Mek1Y  JHHHAMH,
a B § 3-5— ocoSensocTu COCTaRJACHHA CXeM 3aMeLuo:a
ENf NapajjieNbHBIX JHIHH € pacnpeneielbiMHE napamerpa-
MH (B ocnosuoM unanpsokensieMm 330 kKB u puie), npu yue-
Te TaKMXe eMKOCTHLIX CBA3CH MEMXAY JHIHAMY.



3.2. CXEMBI 3AMELLEHMS HYIEBOW
NOCRELOBATENEHOCTH B BUAE NONHOGTO
MHOTOYIMONLHWKA ANA NAPAJUTENLHLIX NRMHWA
BE3 OBLLMX TOYEK MO KOHLLAM

A. CocTasneHue cxem samelieHus.
HYyneBoM NOCNenoBaTeNLHOCTH MPM K. 3.
BHE yWacTka ¢ napamsensHbimMu nuHusmu [13, 43]

1. Ha puc. 3-1 noxasapa cxeMa ZAfi 1 Napawie/IbHEX
JHRUH, TpEyeM CONPOTHEJEHHA € JOBYMA OIHHAKOBBIMU
HHAeKCaMK (Zxx) OSHaYAOT COGCTBEHHHE CONPOTHBMAEHNA
JHHHH, @ C pasHHMH HEAEKCAMH (Zxy) — CONPOTUBJIEHHS
BIAHMOKHAYKIHH.

CxeMa 3aMeNIeHHS PaOCMaTPHBAeMON COBOKYITHOCTH AH-
Hufl Moxer OHTbL TPENCTABNEHA . B-.BHAE..JOJHOT0 MHOro-
' YDONBHEKA, " KOTOPHIM "XaPaKTepHayeTCs TEM, UYTO Kamias

H3 BEPIUHH €00, COOTBETCTBYHOLIHX BXOZaM YyYacTKa Jm-'

Ril,, CBSSaHa BETBBIO C KaMUIOM H3 OCTaSBHEIX BepUIHH
(pxonos) cxemn, Ilpw n napannensHmx JuHAll cxeMa
SaMellleHHf WMEEeT 2n BXONOB H XapakTepHayercs 2n—I1
BETBAMH CBSISH KAMIOTO BXOJA CO BCEMH ocTajbabiMu. O6-
llee UHCJHO BETBeH CXeMH SAMelIeHHd

q=n(2n—1). (3-1)

Jlna mosydenus napaMeTpoB CXeME! 3aMellleHHA n Na-
pannenbEbIX NHHHA, CBABAHHEIX- B3aHMOMHIYIUHeH, B BHje
- TIONHOrO MHONOYTONBHHKA TpeOyercad -pellleHHe CHCTEMH
ypaBueHHii B ¢opMe Z, OTPaIKAIGIHX CBS3b MEXIY Naje-
HHSMH HanpsXeHHH H TOKaMH 72 Napa/VlesisHLIX JHHHEA,
no pwe. 341: .

{:’1 _L.’lfzzuiz + Z 1+ "v--‘"zl;'ff-_l" ]
+ zlk{ﬁ ¥ Zintys;

Uz —Ug = Zioly + Zgoly + oo +

-+ zzjff + zz&{k'{" meu;

(8-2)
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_Puc, 3-1. JIunum sneKkTpomepefaun C BSaHMQUHAYKUMeR, He
_EneoL(He OGILHX TOUEK.

Puc. 3-2, Cxema 3a-
MelleHHss  HyJesofi o
nociier0BaTeNbHO- T Ol
CTH B BHI€ INONHO-
ro MHOTrOYTONBHH-
Ka.
@ — NoNHbIH
YroykHHK B ofueMm
eHpe; O —cxema 3a-
MEILERHRT JAAR  Tpex
napanJenbHEIX  JAHHHE;
8 — M3IMeHEHHR B CXe-
me no puc. 3-2,6 npr
K. 8, B mpepenax of-
Holi W3 napasnesbEBIX
nuHHA,
MpiMeuanwue,
IMpoBonumocTH BeTEell
cxéeMu mo prc. 3-2,6
BHID2MKEHBI YEepes 37e-
MEHTH MaTpPHUB (3-3).
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B pesyaprare ofpamieHHsa MaTpHuu (3-2a) mnosyumm

COOTBETCTEYIOULYIO MATpPHUY NPOBOAK

_Yu Yuz- - e Yl} Y:k Ym_
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zZ= (3-2a)

)

............. (3-3)
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VYin Yon- - «Yin Yin Yan |

2. Hexons M3 Matpsu 3uaa (3-3), cocrapnsercs cxema
saMelleHHs B BHIE TONAHOPO MHOTOYIOMBHHKA Jiast mo6oro
yncaa auemil, Ha puc. 3-2,6 nmokasana & o0o0iieHHOM BHIE
cxeMa 3aMeilieHHs B BHAE IIONHOIO MHOLOYTONBHIKA JAf 7
nz2panNeNbHEIX NHHEHA, B CXeMe 70 pHC. 3-2,8 BHYTPeHuHe
COSIMHEHNS ONYLIEHH, MpHYeM NPEANOJaraeTes BKIOUCHRE
BeTBefl MeX(ly KaX(IhM BXOLOM ¥ BCEMH OCTAJbHEIMH BXO-
mamu. KoukpeTHo s Tpex mapannielbHBX JHHHA cXeMa
3aMelleHdd B BHJe ITOJHOTO MHOTOYrOJbHHKA IIOKasaHa Ha
prc. 3-2,6. HauMenoBanue BXONOB CXeM 3aMelleHHs COOT-
BETCTBYET HAaHMEHOBaHNI0 BXONOB JHHHA [0 puc. 3-1.

B yxasaHHEIX CXeMax 3aMeleHHs NPOBOAHMOCTH NpPoO-
JONBEHX (rOpHSOHTRMLHEIX) BeTsefi PaBHH NPOBOAHMOCTHM
Yzz, NMPOBOXHMOCTH XHACOHANBHHX BerTsefi DABHH TPOBO-
nuMocTssve Yay, NPOBOSHEMOCTH TIONEPEYHEX (BEPTHKANb-
HLIX) BerBefl PaBHE! BPOBOAUMOCTAM Y.y Co 3HakOM, 0-
paTHBEIM 3HAKY NMPOBOXHMOCTEH NHarTOHaAEHHIX BeTsefl B €O-
OTBETCTBHH € Marpuuelr nposogumocreii (3-3). (Iloapob-
Hee cM. npanoxenHe 3I1-1.) IlpaxkTHYecKHM JUisi MOCTPOE-
HES CXEME! 3aMelleHHs B BuAE TIOANOIO MHOMOYTOJBHHKA-
MOXHO HCIOJG30BAThb CONPOTHBJSHHA, SBJsIOWMEcs obpar-
HEIMH 3HAYSHRAM OTRENBHEIX 5MeMEHTOB MAaTpHIE TpO-
ponmocTelt (3-3).
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3. CxeMur 3aMellleHHA. B- BH/E IFOJIHOTO MHOIOYIOJILHHKA
«DTIUYANOTCH YHHBEDPCANBHOCTHIO M MOryT OBITH COCTaB-
JieHb! CAHOTHNHG NpH Jc0OM YHCNE napajulelbHHX B3a-
MOHHAYKTHpYIoUMX JinEuA. OjHaxo UpHMEHEHHE TaxHX
CXEM  3AMELEHHS JIA pacyeTa ¢ MOMOIUIBI0 CTAaTHICCKMX
Mozenel OCTOAHHOrO TOKa H MEePEeMEeRHOro TOKa Ha AKTHB-
HBIX COTPOTHBICHHSIX 3aTPYAHMTENLHO BBHAY HaJIHUAA
8 HUX (pHC. 3-2,a H 6) OTpHUATENBHHX CONPOTHBJIGHHI.

Cxembl saMellleHHH 8 BHie TOAHOTO MHOIOYTOJBLHEKA
B 0CODEHHOCTH Ueleco06pasHHl MPH PacueTax ¢ TOMOLLbIO
BBM, TIOCKONbKY HMeeTCs €NBHLII CPaBHHTEJNBHO nNpocTo
ANTOPHTM IJIA OUIpoleNieHHs. MapaMETPOB TAKHX CXeM 3a-
MellleHES HE3ZBHCEMO OT ' PACCMATPHBAEMBIX Ilapasnesb-
HBIX JIHHHA 3JeKTPONEDELaH.

CrenyeT OTMETHTH, UTO DeXHME KaOKARHOr0 OTKNIO-
YeHWA K. 3. Ha KOHNEG OXHOH HS IBHHi, OTKMOYCHHS JIH-
HHH H 323eMJEeHHA ee ¢ JIBYX CTOPOH MOIYT OCYIIeCTBIAATh-
«cH b0 COOTBETCTRYIOMEA KOMMYTallHeH KOHIIOB STOH JH-
HuH, Jmbo mepecTpofixofi CxXeMbl 3aMellieHHs TO
puc. 3-2,2 1 6 (mocaefnee PeasM3YeTCH ABTOMATHYECKH
B Dslle mporpamm man IBM).

4. CxeMnl samellexss mo puc. 3-2,a 4 6 xapakrepusy-
joten GONBINON TPOMOIAKOCTHI0 PACYETHHX BHPaXKeHHl (1as
ONpefeneHds HX MZpaMeTPoB. B COOTBETCTBHH € STHM pac-
YeT STHX MAPAMETPOB CJGAYeT TPOH3BOAHTL € JIOMOMIBIO
3BM, mpHyeM OporpaMmbl LOJKHBL OhITh MOCTPOSHH TaKHM
~p6pa3oM, mTo0kl 2BTOMaTHUYECKH GblsH paccuuTank Ha DBM
ZIapaMeTphl CXeM 3aMewlexus mo puc. 3-2,2 1 6 Wo BEO-
IEMEM B MBUIHRY HCXOJHEIM UaHHEM JEERR mo pue. 3-1.

OtMeTsM, UTO MPH HANMNHE B3aHMOHHIYKTHPYIOLIEX
JHHuf pasHBIX HaNmpsLKeHHA pacyer mapaMeTPOB CXeMHl 3a-
WMelleHHn HyNeBOH TOCACI0PaTe/bHOCTH HMEeT OCODEHHOCTH,

' pacmmgennne B npunoxenuH 3[1-4.

5. TipEnoXkenHH 3[1-2 paHe pacueTHBE BHpaXMe-
HHSI AN OTIPBIEJIeNHs 9JeMeHTOB MaTPHIUM DposBopuMocTed
“{3-3) xBYX, TpeX H uYeThipeX TApaJNIENbHHX JHHHMH
{puc. 3[1-3—3I1-5) [24]. DTH pacueTHle BHpajXKEHHHA MO-
ryT ObITH HCTIONLIOBAHBI WAH HENOCPeACTBEHHOrO Onpene-
NeHHs] TiapaMeTPOB CXeMbl 3aMellleHHSl MyJiepoH TOCJeN0-
Ba2TEALHOCTH B BHAE WOJHOrO MHOTOYIOJIBHMKA vYepes sa-
Janupie COGCTBOHHBle W B3aUMELIE CONDOTHBJEHHS JHUHA.

Bonee npocThie pacueTHble BBLIPaXKeHHH MOTYT OBITH
MONYYEHH! JIPH {IOCTPOEHHH EIONHOTO MHOTOYTOMbANKa TOMb-
K0 Ka Gase B3aHMHBIX CONDOTHBJAEHHE NHHMA H BBIHECEHMH
34 TIpELeNsl MHOTOYTOJBHHKA COGCTREHHBIX CONPOTHBJIEHHH
maHid. B TaKOM BHAE pAcYeTHLle BRI AEHHS NPHBEHEHb
ua puc. 3M1-6—3I1-8 [24]. Cxembl saMeiNeHHs € BHHECEH-
HbIMH COBCTREHHbLIMY - COMPOTHBACHUAMH WIPH DPa3OHeHHE HX
#2 UACTH H PA3MeIleHMH ¢ JBYX CTOPOH MHOTOYTOJbHHKE
MOryT OBITh HCTOALSOBAHH IfIf KOMMYTAUHOHHBIX mepe-
KAOUeHHH -(peXUMOB OTKMIOYEHHR JMHHA C OLHOH H JABYX
CTOPOH, OTKIMIOUSHHS H Sa3eMJCHHs JIMRNH C JBYX CTOPOH).
KpoMe TOro, B TAKHMX CXeMaX HENOCPENCTREeHHO MOTYT
OpITh TOAYYEHE TOKH B JMEHAX Oe3 CYMMHPOBAHHA COOT-
BETCTBYIOLIHX TOKOB 3eTBEH MHQTOYTOJBHUKA,

B, OcoBeHHOCTH COCTABNEHUS CXeM

3amelueHMs HyNeaol NocneoBarenbHOCTH

OpY K. 3. Ha OJHOM M3 MAPANNenbHBIX NHHUA
(e rouxe K pmc. 3-1)

1. IlpH . 3. B TIPOMEIKYTOYHOH TOUKE OAHOH M3 n
napaineibRBIX NRuEE, HanpAvep B Towke K nmmmm [
£XeMBl MmO pHC. 3-1, MOXHO COCTABHTEL CXeMBl 3AMEINEHMSA
HyJiesoit MOCJEI0BATENbHOCTA B BHjE TNOJIHOFO MHOTOYIOJb-
HHKA OTIEJBHO JIIA GacTel ydacTka ¢ NapaJeNbHBIME JNH-
HHAMH C/ieBa ¥ CTipaBa OT MecTa K. 3. OaHako Gosee uese-
-COOOPAIHEM HBASETCA MPOHIBOACTEO PACUETOR SAMBIKAHHA
HA 3eMJI0 B TPOMEXYTOYHOR TOYKE OGNHOH #3 mapasienhb-
HEX Junkll Gea BBeUeHHs MOTONHUTENBHHIX ysnoB. Tagoe
penienne paccwoTpero & [27, mpunoxenye 4I1-1] 1 moxer
GuITh 30€¢h HOTONBSOBAHO.

2. MoXHO TaxKe HCXOOHTB H3 CXeMbl 3aMelleHH:
ANS HENOBpeXXIEHHBX TapajJeNbHBX JHHuA B BHle TOI-
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HOTO MHOroyrosbunxa (puc. 3-2,6) DPHM BHECEHHH HEKD-
TOPHX H3MEHEHHR, KACAQUIHXCA JHHWH € K. 8., KaK o=
kazano Ha puc. 342,6. Ilpu 9TOM LOCTATOYHO COOTBETCT-
BYIOIIYI0 TOPH3OHTAMBHYIO BeTEL (Ha puc. 3-2,6 BeTsb
¢ TPOBOMMMOCTHI0 Yi) TPENCTEBRATL NBYMA ilapaJienb-
HHMY BETBAMH, WPHYEM OXHA H3 HHX HMEeT NPOBOJH-
mocts (Yu—1/Zy), a Bropast umeeT oflYK #POBOIH-
MOCTh ll/Zu, pasGUBaeMyl0 MECTOM K. 3. Ha uyactH 1/BZy

U=, e BZy; — coleTReHHOe  COTPOTHBIIEHHE

yacTH JHHHH []” Wa yyacTRe OT TOWYKH [/ Xo MecTa K. 3.
(puc. 3-1). Ilpu oTCyTCTBMA BHYTPEHHEro K. 8. CJIOXe-
HHEM MapanfielbHbix sersell memny yanamu [ H [ moay-
YuM BETEL € TPOBOMEMOCTHIO Yi1, KaK B cxeme IO
puc. 3-2,6. Ilpy pacyeTax K. 3. B HECKOJBKHX TOYKaX
Ha opHolt W3 NapaiseNBHBIX JHHHE CAelyeT NPH mEPexo-
e OT ofHofi TOYKH K. 3, X JpPYyrofi MPOHSBOZHTL Iepe-
cner conporusienul BZy ¥ (1—B)Zy (puc. 3-2,6) B co-
OTBETCTBHH ¢ H3MeHeHweM SHauenus P. OlocHoBanne Ta-
KOro pemwiexns jAakwo B npanoxemun 3I1-3 ana mpocrefi-
mero c.aiyqan IABYX TapaienbbiX JREER © K. 8. Ha onxoft
RS HHX L.

CneanyeT OTMETHTh, 4YTO TNpHBENeHMBE pPEIUCHEH CO-
XDAHAIT CHJIY H [LJH Cayuas X. 3. yepes NepexonHoe
CONpOTHBMEHHE. L

B. Oco6eHHOCTH COCTaBNeHMa CXeM 3aMeLLeHus
HYNeRoN NoCnefoBaTenbHOCTH AN rPynn
ABYXLENHLIX NWHKIA ¢ obuteil Toukol y KawaoM
uz uux (puc. 3-3) :

1. Tlpn GonbuioM YHCJe NapajnenbHbiX B3AHMOHHIYK-
THPYIOUWHX MHHAZ Oe3 oOWHX TOYeK cXeMa SaMelleHHA

! Iipusenennnil  pacuer

npelnoRes
B.. A. Kprunoenyd 7 H. M. Kuaxux.
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Puc. 3-3. Yeteipe mapajuiesbhbie ABYXIENKbEe JHAHH ¢ o6
Lefl TOUKON Yy KamnoH ABYXUENHOH JIHHAH.

@ ~— HCXONHasl CXema; & - npeoGpasopaRMas CXeMa C  9eTHIPbMA
B3aHMOHHAYKTHPYIOIGHMHE SNeMeHTaMH, E



HYJeBOR [OCIGNOBATEJNBHOCTH B BHIE MHOIOYTOJBHHKA
seceMa rpomoaaka. IlpencraBnsercs BOSMONKHEIM YNpO-
CTHTE CXEMY SaMEIEWMsi B TeX Cay4yasX, KOrLa SJEKTpo-
Nepenata BEIEOJIHOH2 ABYXLCNHHMH JHHHAME, EKaXIbe
JBE LEN¥ ®OTOpHX uMeloT ofmyio Touky. Jas upamepa
paccMaTpHBAEM 4YeTHpe \IBYXUelHble JHHHH mo pHe. 3-3,a,
B KOTOPOH WIPHHATA @JA JBYXUEDHHX JHHYWH HyMepamus
I—4, a2 naa oppkounex  senefi — wymepauna I—VIII,
TlpupuMas © HeKOTOPHM HPHOMHIEHHEM WCpeIHEHHHe
PacCcTOSHES MEXKAY ABYXUENHEME JIMHESIMM M PaceMaTpH-
Basi JBe UENH KauQIoH MHBYXHCNHON JHHHH COBMECTHO,
ToJayqaeM NeTEpPe TPYDNH JHHME 3awmelias e menu
‘ KaXAoH JBYXUENHOH JHHHH HSBECTHOH KIACCHMECKOH Tpex-
JiyueBol CXeMOH A1 {IBYX BI2HMOHHIVKTHDYIOUMHX Ueneii,
TOTyuaeM BMECTO CXeMHl Mo pHC. 3-3,a mpeoGpasoRanuyd
cxeMy 1o puc. 3-3,0 C MeTEPEMH B32HMOMHAYXTHDYIOHLAMH
snemenTamy. ‘Hcxona ms oToit cxeMur MOXeT GBITH cOCTaB-
JieHa CX6Ma 3aMelleHHH B BHAe MHOLOYrOJbHMKA ANS ue-
THipex pemeli BMecTo mockMu welieil. Cxema mo pwc. 3-8,6,
€CTECTBEHHO, TaKiKe BepHa TPH MPHKTOUEHHH HeCKOMBKUX
JBYXUCITHEIX JIHHMA K ONHEM H TeM e IHHaMm (maupa-
Me€p, TPH IPHIIOYCHHH B CXeMe mo pHE. 3-3,a4 |[mBYXuen-
noix sevmd I w101, 2H1 u 21V « opuoli chereme mmn,
a maunit 3V n 3VI, 4VII u 4VII[ — g npyroii cucreme Lupy.

2. Kackanhoe OTKIIOUEHEE, @ TaKme OTKJIIOUEHME
ONHOE JAMHHH C JIBYX CTODOH HMWIHPYeTCS B cxeMe 1o
puc. 3-3,6 paspeisom BeTBH, 0OTexaeMmoli TOKOM OTK.IIOUAE-
moft JEvmE. HemocrarkoMm pacomarmpupaemoro crnocofa co-
CTABJICHMH CXeM SaMelllcHHs fABJAAETCA 10, YTO JJAA HMHTa-
UMl peXCuMa OTKJEOJEHHS M 3a3eMJeHHs ONHON H3 JMHHH
< @BYyX CTopon Tpebyercs mepectpofika kcxemsl, Iasn cay-
uas, konna Tpelyercd OCYLISCTBHTbL TaKoll peXHM 3aseM-
JieHHS! TONBKO HA OfROH H3 WMapaie bHbIX  JHHAE 10
puc. 3-3,a, Hanpumep I/, MOXKHO NPEACTABUTL 8 CXeMe 3a-
Meilenus smumn [] w 1] paspespHo, T. €. PaccMOTPeTh
B 9TOM CIyHae Be YETHPE, a UATH BIAHMONHIKTHPYIOITHX
uemeli; MPH STOM JUJISE OCYIMECTBJICHHSI POMAMA Ba3eMIIEHHS
Ha JPYTHX AHMHAX TAKad CXeMa [NOJLKHA COCTABNATECA 3a-
HOBO.

3-3. CXEMbI 3AMELLIEHMS HYREBOW
NOCNEQOBATENBHOCTH NSl MAPANNENBHBIX NMHMA
BE3 OBLUMX YOYEK MO HOHLLAM TPH YYETE
B3AMMOMWHAVKLMMY TPAHCHOPMATOPHBIMH CBA3AIMMU

1. Ilpu mpom3s0[CTBE PACHETOB TOKOB . 3. £ MOMOUIBIO
CTAaTHIECKHX MOJeNeli MepeMenaoro Toka MPEACTABIRETCH
BOSMOXHBIM OTOOpaiKaTh BIAMMOHHAYKTHD e CBA3H
rpancOpPMATOPEMHE TOKa HTOM #e=1,0 [6,
9, 10, 12]. Ipy mprveHerur MOxejell OCTOAHAOMNO TOKa
THDZ Mojenu-apmanmsaTopa MA-1 TariKe mpeaCTaBIAETCH
BOSMOXHEM HMHTHPOBATL B3aMMOHHMYKIHH NapaLIe/bHbX
JuHEl Ges ofEX TOYEX (IO KOHIAM ¢ TOMOMILIO DIpedy-
CMOTPEHHBX B MOfeaH MA-1 MarHHTHHX youmuTenel ¢ Be-
XO/IOM 338 [HOCTOSHHOM TOKe, HMETHPYIOIHMX TparohopMaTo-
P TOKa ¢ k.=1,0 [39]. Tlpr oTOM K251 BOBMONKHOCTH
BCIOAb30BAKHA CTATHYECKHX MOfienell TIOCTOAHHOTO TOKA
H MOnenell nepeMeNmHON0 TOKE HA AKTHBHBIX HBJIE-
HEAX CXeMEl 3aMelleHHA, KaK [PaBHN0, HE [LOJKHE COIED-
aTh OTPHUATENLHLX CONPOTHBJISHUH.

Ilpocretnmuii anocoG MOLETHPOBAHRA CXEM 3aMeIleHus
HyJepofl MOCTIENOBATENBHOCTH 7 MAPALIENLHEX HHEIT TDe-
OyeT KoJiH4ecTBa CBASHBAIOUIMX TpancopMartopoB B COOT-
BETCTBHH € UHCJOM CONPOTHRIGHEH BRIAHMORHAYKIHH MEX-
AY JRAAAME. UHCTO PASIHYHBIX B3aUMHHX CONPOTHBACHATN
$ OnA N B3AMMOMHAYKTHDYIOLAX JHHMA OnpeleNseTcs BO3-
MOMHEMH COUCTEHMAMHE H3 fl SIEMEHTOB WO OBA & PABHO:

n! nin—1)
Bin—2) — 2

Ofmee wHCH CONPOTHBJEHHI CXEMBI SaMELleHHH 4§
paBHO cyMMme CODCTBENHEX CONPOTHBMCHEH /i H COIPOTHB-

6—156

= (3-4)

JeHnil B3apMOHHmyKUHA S mo (34) M pasBuO:

=Y n(n; 1) _n(n-gl— 1)

; (3-4a)

B paccMatpuBaeMpix cxeMax SaMellleHHA TpPeNBABIS-
I0TCH CephesHbie TPCOOBAHHA K IOTPEITHOCTAM CBAYIOWMX
TPaHCPOPMATOPOB TOKZ, KOTOPHE He JO/IKHHL NPERENNIATE
apuMepro 5%. Taxue xapaxTepHCTHKE MOTYT GHTL obecne-
YeHL OPH BHUIOJEHEHHHE TPanchOpMaTOPOB TOKA H3 mep-
MAJIOS.

TlpescTasiseTcs BOSMOKHHEM COKPZTHTH KOJMYCCTSO
AOPOTOCTOSUHX TPaHCHOPMATOPOB (CTOAMOCTE Tpacdop-
MaTOPOB M3 JlepMa/LIof @mpHMepHO B8 50 pas memme cTOM-
MOCTH TpanchopmaTops’ w3 obwmHON CTamm).

Kaxk moxazano B wmpunomenun 3015, MempMmammoe
YHC/I0 TPAHCHPOPMATOPOB OGYCNOBJEHO HEOGXOMHMOCTHIO
ofecTieuen s CEA3H KaXIOH JMHHH CO BCEMH OCTANBHEIME
JMIHAMH M DaBHO #*/4 mpu n-—vuerwoM @ (#n*—1)/4 npu
1 — HEUETHOM.

2. MoMHO OOYHIOCTEHTE MHOMKECTRO BAPHAHTOB CXEM
SaMelleHHs EYNeBO MOCHONOBATENBHOCTH M HAPAIETBIHK
JukAf, OCecNEYHBAIOWHX MHHMMAJBHOE YHCAO COAILBAD-
iy Tpanceopmaropos. Haubonee pamionaibien BapuaH-
TOM CXeMH! 3aMENEHHN £ NAPaJNeNBHBIX JHHHE HBASETCA
ONOCOC LOCTPOCHHS CXEMEHl, NI0Ka8aWubili Ha pHe, 3-4 mas
BOCBMH N2PaJeNblbX JARHAN; TPHBLRI OCTPOSHMA TakoH
CXEMBl TOSiCHeH B WPHJIOMKeHHH 3I1-5.

Taxam ke 06Da3sOM COCTABIMOTCH CXEMB SaMeleHHA
LA Qucja TapanneTbHEX JeHEH oT 3 qo 7, moxaldaiibe
#a pHe. 3-5—3-9. D1n cxemp MoryT OLITH TAKIXe NONYISHH
u3 pHc. 3-4 HOK/IIONEHHEM COOTBETCTRVIONIENO UHCHA NHHEN
H OTHOCALIHXCA K HHM CBSISYIOWHX TpancgopMarTopoB H
CONPOTHBACHEH © HHIGKCAMY, 'CONBIIHME, GeM GHCR0 JHAN,

8. Ilpmpenenntie na puc, 8+4—3-9 cxevmp saMeuieHus
00J18/1210T TeM LEeHHBIM CBOACTBOM, YTO BCE CONPOTHBJICHHA
STHX CXeM, KaK MpaBHI0, ABISHOTCA mMONOXuTespHEMH. Kax
yxe OblI0 OTMENeH0 BHIle, 3TO OGECIEYHBAET BOSMONKHOCT
HOTIONL30BAMHA CXeM /11 PacueTa Ha MONeNsX ¢ aRTHBHEI-
MH CONPOTHBJACHHSIMH,

‘A3AHHOE CBOACTBO CXEM BSaMEIIEHHSI MOXKET Mapy-
ITATECA MPH HAMIYHH JHANH padnubix Hanpsxenuil. Ilpu
BHYHCHCHUH DHBEIEHHBIX CONPOTHBACHNH BSaHMOUH,LYRIIHHE
[cv. (3I1-18), mpanomenne 3M1-4]:

(8-5)

nie Upaes — MATDSOKOHBE, K KOTOPOMY UDMBOINTCA CO-
npotusieHis; Uns, Usz, Wgs — HOMUHABIHE HANPSIKERHS
miawi 1, 2 w8 coorsercTBento; Zi2, Zis — CONPOTHBICHHS
B32MMOHHIVENMH Mexuy auuuamu f—2 u 1—8, Om, mo-
¥eT 0Kasarned, HanpuMep, 910 NpH Uai—Uns=Upaey =
Ura>Upacy ® cxeme 10 DHC. 3-4 CONPOTHBIEHKE BIRMMO-
AHYRIHH Zgp MEXRY muuBsMu [ 5 2 Gymer mensie, yem
CONPOTHBJCHHE BSAHMOKHAYKLHH Zi3 MEKTY JHnusME 1
H 5, HECMOTPA HA TO WTO PacCTOSHEE MeXAY JuEHTMH |
H 2 Meubile paccTosiHMe Meway jumpama / B 3.

Las Toro wTo0H B ©TOM Chyuze WG6eXATH HANMMMUA
OTPHUATEJBHBIX COUPOTUBIICHHE, B CXEMY 3aMEIeHHS BTO-
poli muenn o(puc. 8-4), manpsikenve wxoropoli e mebeTeu-
TeNBHOCTH OTJHYAETCST OT pmnfﬂ,”' BBOIATCH PaBIeNs-
TeJBHLE  ABTOTPARCHOPMATOPET ¢ woabpduunenrom
TpascdopManum k'r:lynz;‘b_’pauq TaK, qmﬁsr:tb B CXeMY
MO puc. 3-4 BBOAMANCL JCHCTBHTENBHBE CONPOTHBJIEHHS
(coberaennoe 1 B3aMMHOE C PYMHMH JHNHSIME), 2 He npH-
BEICHHBIE K PacueTHOMY HampsykeHuo Upaoy.

Ilpu sTom npuBeserubie ConpoTHBAECHUS B3AHMOMHIYE~
LMW MeXQY JHEESME [ B 2 SMECHSITCR 0o {popMyne

e

pacq pacy
A =Zlamkr=zn "{7;! (3"6)
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Puc. 3-4. Cxema 3aMellexysl MYJeBOil NOCNENOBATE/PHOCTH C TPAHCDOPMATODHBIMN CBASAMH  Y4acTKa  COMHIeHHA

BOCBME JHRH¥ S5JeKTpOnepezayn.

Mpumedanne, A, B, C—oiHomunuse rpynnel CompoTHsaeHmdt (cM. npEnoxenne 3[1-B).

-2 TpH Ull‘="UNﬂ‘
Zlyy=Z12. (3-7)

CCOoTBETCTBEHHO

Jnsa ycTpaHeHHA WOTPelIHOCTEl B pesy/bTare BRAIO-
YeHHSl aBTOTPAHCHOPMATOPOB aXKTHBHOC CONDOTHEJEHHE B
COMpOTHBJIEHHE PacceAHNs 00MOTOK asTOTpaHchOpMaTOpoB

COTPOTHBNEHAA  B3AHMOBHLYKIAK #eobX0nEMO BHYECTh M3 CONPOTHBACHEN JIHHMH, B KOTODYIO

MEXIY BTOPOH H BCEMH OCTANLHEWH JMHMSMH Oyxyr  BH/IOUCHE aproTpancdopmarophl AP, wax NOKasado ha
PABHEI: pac. 3-4.

7 7 (3-6) 4. HsmeHenus B CXeMax, MPHBEAeHHLIX Ha pwc. 3-4—

RITSIRE : 3-9, MPE OTKJIOUGHWH ¥ 3ASCMJCHHE OLHOH M3 JEHMH oCy-

ne k=3, 4, 5, .., A IECTBJIAIOTCH TIYTEM OTKJIOYEHHS # 3a3€MJICHHA €€ KOHUOR,
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Puc. 3-5. Cxema 2amewieHHs HYJI€Bo NOCAENOBATENHKOCTH C TPAHC(OPMATOPHHIME CBASAMH YYacTKa eOnuxeHus cemy.

JiMNHil sIexTponepeayH,

82



1 Ey=2p : r
o—1i1 — o ©
Zyy=Zgt  Iydly L ;
ZarZ it 2 13~ Tesy * LIy ~Kzg Ly Zuly Lils Lgly z,,—za; ar
z Loy Zet 2o Zse
Ly Z;J *
L35 Zo57 Loy Lpy bl 5 ; 3*
< s M —_Ar £ O
3 Te
Lpi Ly Ly Ty | Lo it Tailss Iy ZysTys*Eag Log T s
o—1i3 e G
? L35 2"
Lo Lz
Zos—Zos * Los—Lss A 7, AT 7, 57
g R
&
~7 s Ly AT L‘—uuu—'— £
Zsi 75 [ ss&_.‘ﬁ 1 Ty 3 Ts . .
§

Puc. 3-6. Cxema samellerHs HYZeBOHl MOCJELOBATENBHOCTH € TpaHcPOPMaTOPHEIMH CBAZAMH YYacTKa COnMMemus MecTw
JAHAHE SJeRTponepesavH. :
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Pre, 3-7. Cxema saMellleEHsl RYJIeBOil NOCTELOBATENBHOCTH C TPaHCHOPMATOPHBHIMY €BASAMM yuactRa cOnMiKeHHs naTh

SfieKTponepeIayH.
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Puc, 3-8, Cxema saMelIeHHA HY/CBOM NQC/IEAOBATENLEOCHH C TPaHC)OPMAaTOPHLIMH CBA3SAIMH VYACTRA COMINKEHHS TeTh-
pex JHBR SJeKTponepenayH.
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Pre. 3-9. Cxema sameuleHHsi Hy/€BOH NOCAEIOBATENEHOCTH
¢ TPaHCQOPMATOPHEIMH CBRSSMHE YUACTKA COMMMKEHMS Tpex
JHERf 3nEKTponepemayw,

5. Ilpn GospluoM wuHCe MapaJAefbHEX BIAWMOHHAYK-
THPYIOUIHX AHHAHA Ge3 ODMIMX TOUeK IO KOHIAM <Xema 3a-
MelleHtsl Hy/AeBOH Nociefo3aTeNbHOCTH ¢ TpaRchopMaTop-
EHIMA CBSSSMH BecbMa TpoMosiuka. Ilpescrasasercs Bo3-
MOMHEM YIPOCTHTE CXeMY 32MelleHUs B TeX CIyYasx, Kor-
b2 SIeXTPOTepenayva BHIOJHEeHa JBYXLHEeUHBIMH JIHUSMH,
B KOTODHIX 1Be UenH Hmel0T OOUYI0 TOYKY aHaJIOTHUHO
pPacCMOTPEHHOMY HA pHC. 3-3.

3-4. CXEMbl ZAMELLEHMS HYJIEBOW
NMOCNEACBATENLHOCTH NAPANNENBHEIX
B3AMMOMHAOYHTHUPYIOLUMX JIMHUA

C INEKTPUYECKMMM CBA3AMM, MMEIOLLMX
OBLUME TOYKM C OQJHOH MNK OBEMX CTOPOH
NIUHHAN

A. Obwmre cooTHoLeHUS

1. PacyerHre MopeaH nocTOsHHOrO TOKa [39] M ympo-
meHHEE MOAenH TepeMeHHOro TOKa HA aKTHBBHX COIpOo-
THBJIEHHSAX, KaK NMPABHJO, HCHOML3YIOTCH VISl PACYETOB TO-
KOB K. 3. B CeTAX BLICOKOIC HanpAMKeHHs OpH yYeTe TOJb-
KO HHUYKTHBHEIX conporHBAeymii. Ipn noin3opaHHN Taky-
MM PaCHeTHEIMH YCTPOHCTBAMH CXeMBl 3aMENIeHHs HYJeBol
MoCAeIGBATEIBHOCTH TIAPANIeILHEX JHHEA, KaK . [paBHIo,
HE MOJDKHE! COAEPXate OTPHIATEILHKX CONPOTHBJCHHT,

Huike paccMOTPEHE! BONPOCH COCTZBJEHHS YIDOIIEH-
HEIX CX€M SaMeuleHHs ¢ SJeKTPHUCCKHMH CBSISSIMH MeXny
VIeMEeHTAMH, YIOBICTBODHAIOIIAX YKA3AHHBIM YCAOBHSAM, JILJIst
napaslienbHHEX JAHHHE, uMeOWux oOmMue TOYXH ¢ OmHOb
®aH ofenx cropon. [lpm sTOm paccMaTpHBaeTCs COCTABJE-
HHe CXeM 3aMelllefist e TONLKCe AN Cﬂy'iaﬁ, KOrna HMe-
0rcH O0IIMg TOYKH HelOCPEJCTEEHHO Y KOHIIOB 30HH cOam-
HKeHIA YUACTKOB JHERM, HO H JUIA Psijia cAyuaes paciio-
Jousenns oOMHX TOYGK BHE YYacTKOB obamaenus [1, 3,
4, 13, 24].

2. Ina n nenifl, uMelomyx TOYKY € OLHOrO KOHIA,
YHCAO OTOPHEIX TOUSK CXeME! saMemlenns panxe #--1. Ipn
9TOM MHHHMAJLHOE HMHCJIO BeTell cxeM 3aMEIIEHHH COOT-
BETCTBYET UHCHY HE3aBHCHMBIX KO3(OHUHEHTOB B YpaBHe-
HHAX CRA3H Najeyull HaUpsieHHS M TOKAa B N (lapajsenb-
MEIX JMHHHSIX M DaBHO!

nn<-1)
g=—5".
Uncsio sneMeHTOB g papHO  cymme 1t cOOCTBEEHHX CO=
n{n—1 .
MPOTHBAECHHH H -(T) B3aHMHEIX COMPOTHRAHHH JHRUA

saextporepenaur [no (3-4a)].

Unics0 peTBEll § CXEMH 3aMEIIeHWA SHAUMTENBHO MeHb-
ile, UeM E CXeMax 3aMelleHHs B BHIE MOJHOO MHOrO-
yroJmtitka mo :(3-1), B cBssH ¢ 3THM MOMET OKasaThCHA
1eneccoOpa3uEM MpHMEHEHHEe PACCMAaTPHBAEMBIX CXem 3a-
MelEHHH He TOJBKC JIPpH HOROAb3OBAHHH pacueTHEX MOge-
sell, Ho H B pHAe CAYYaeB PN HONOJBROBainy IBM.

Crenyer, cEHako, OTMETHTD, 9TO B HEKOTOPHX CNy4asiX
MO¥ET OKasaTeCsi LeNecoOOpasHbM B LEeJwX YIPOHEeHHA
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NPEHATE CXeMH 3aMeIMEHHs HYAeBON @OCNCIOBATEABHOCTH
€ WYHCIOM SieMeNTOB, Coyburam, weM o (3-+4a). Bmecte
€ TeM CXeMH 3aMelleHnn HyJieBofi Nocse 10BaTeabEOCTH JJIA
napanieJbHbX JIHHHH ¢ oOltefi TOYKOH' € OJHOr0 KOHIA
MOCYT BLIMOMHATECH € WMC/JOM Berpef, MeHBIIMM, dYeM MO
(3-4a), ecin He BCe CONPOTHBJICHHT B3ARMOHHAYKUHE pas-
JIHYATCH MeXay coboii.

3. CxeMH 3amelleHHs MHYJEBOR NOCHGLOBATENBHOCTH
MK YECAZ BIAHMOMHIYKTHPYIOIHX JHHUA JO BOCHMH RAHLI
#a puc, 3-10—3-24. CxemB WaHH WAS PASHHX CJayYaes
B32HMHOTQ PaCHONIONEKHs JIMHHH Ha yuacTKe cBaHmenns,
KODAA CONPOTHBICHNHS BIAHMOHHPKIHH MEKAY IONapio
BSSTHIMH JNHHHAMH Pas/HYHLl H KOIIA HEKOTODHE M3 3THX
COLPOTHBJIeHHH MoryT GHIThH NPHHATH MPAKTHYCCKH PABHE-
MII HJIH KONAA OHH CBA32HH HEKOTOPHIMH COOTHOMISHHAMM.

B. HBe napanneneHbie nuenK

¢ obLyiel TOUKoM C OBHOro KoHua

(nprmeHenne Tpexnyuesoit cxemsi 3ameLLeHms)
l. Ha puc. 3-10,¢ fana cxeMa muis mpyXx Dapasinies-

HBIX JIEHHH, HMCIOIHX OOLYI0 TOTKY € OJHOI0 KOHuA, HJIA
KoTOpo#t MOryT OBITH HANMCAME! COOTHOUCHHA:

Ur—Us=Zysl1+4-Zaalo=

=(Zu—Zu)hi-{-Ziz(hi4-12); (3-9)
Ur—Uy==2Zal 1+ Zolo=
=({Za—Zi) I L2 lel i), (3-10)
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Pue. 3-10. [pe napansensuzie JuuuH ¢ ofmel Tourofi
¢ opuore MM oGOHMX KOHIIOB.

" @ —pycxoiHan cxema: O —CXema ssMelleHHs Hyaesoll nocaemopa-

TeJBHOCTH {AJ1% cxeMEl No puc. 3-10,4): & — uCKOLHAA -CXeMa npH
K. 8. n2 of#off mz Junell n sasemaenuu i 2 — CXeMBl Same-
ILeHHS HYJCEON NOCAeNOBATENLAOCTH NP K. 3. 111 oRHOH NS JAH-
Huft (o718 cxemx no pHe. 3-10,6); 6 — mexoRHAA cxeMa JBYx GJao-
KOB TpaHCQOPMATOP — NHHMS NPH K. 3. Ha OHHOH M3 muMMI; £ —
Cxema saMeulenHs Hysezoff ROCAENCBATENMHOCTH JBVX GIOHOB
TpaHcdopMaTop ~- JIMAHA NPH K. 3. Ha opHoft ms Juunll (Zas cxe-
wmel no puc. 3-10,6).



nae £14 ¥ Zge — COGCTBENNEL COMPOTHBNEHHUSA; Zi2 — COMPO-
THBICHES BSAHMOMHAYKUME JHHHIA.

Ho (39) m (3-10) Mmoxmer OwTb COCTaBleHa Tpex-
Aydenas CcxemMa 3aMelleHHs, fpHBoledHas Ha pue. 3-10,6,
KOTOPAA COOTBETCTEYET HABECTHOH KNACCHUECKOH Tpexnywde-
BOH CXeMe SaMeIeHHA MArHHTOCBA3aHHBIX Leneil (Mampa-
Mep Jis  JBYX0OMOTOYHOTO TpaHchopMaTopa NpH YueTe
BETBW Hamarnwuusanus). TIpA saMeKaHHH HA 3eMJIO B Tipe-
ZIenax OfHOM K3 PACCMATPHBACMEIX JNHEMH (DpH HaNHUMH
ofikx Touek © OOOHX KOHIOB) CcXeMma 3aMellleHHst TIO
puc. 3-10,6 menomepsyercs sl yacteli cjeBa B chopagBa o7
MecTa K. 3.

2. PeHM KaoKaJHOro OTK/IOUeHHS K. 3. HA JMIHN ENH
OTKANYCHUA JHEHE ¢ 00OHX KOHIOB B CXeMe 0o pec. 3-10,6
OCYIECTBAACTCS OTKJICUeHHeM € COOTBETCTBYIOIMHX - KOH-
LOB BETBH, II0 KOTOpOH IWPOTEKaeT TCK JIHHHH.

Ha puc. 3-10,8 mnoxasana HCXOMHAS C©XeMa, Ha
pre. 3-10,2— cxemB 3aMeUleHES HyJeBo# NOCJeIOBATENb-
HOCTH Wil €Iyuasi SAMBIKAHHS Ha 3eM/i0 Ha Junup | H
OTKNIOYCHBA H SaseMJIeHHs ¢ JABYX CTOPOH JIHHHH 2.
B cxeme mo puc. 3-10,2 (/) B kauecrse ofmell TOUKH
JBYX NApanJeNpHEX JNHHAH ¢ KaOXAOr0 KOHUA IPHHHMA-
0TC 00LeIHHEHHLIE HYJEBHle TOUKH TPaBchopMaTopos H
Sa3eMJICHHOTO KOHIA JIMHHH, DpHYCM NPH COCTABJICHHH CXe-
- MBI 3aMEIUEHHX B BH/AE TPeXJylIeBOH $Be3Hl COMPOTHBJNE-
HHe 3asemJeHHBIX TPaHChOPMATOPOB PACCMATPHBACTCS Kax
4acTh COGCTBEHHOTO. CONPOTHRCHUSA NHHEM I € COOTBETCT-
EYIOIIero Xomua nociesteil B cxeme mo puc. 3-10,2 (2)
LY HMHMTAUHH PeXXHMa OTKIIOUEHHA H 2a3eMJeHHs OAHOH
H3 NapaljesbHeX JHHEA ¢ O00HX KOHNOB HCIONLIOBAM
MCTON HCKNIOUEeHHsT saseMaenHofl nminn [cm. opricxenue
3I1-6 coorrowenns (3I1-31) u (3I1-32)]; ara cxema ume-
€T TO AOCTOHHCTSO, YT0 B Hee He BXONAT SJEMEHTH NpH-
MEKQIOIIHX CHCTEM,

3. Tlpn otcyTCTBHE OOHEX TOYEX HEIIOCPEICTBEHHO
Y KOHUOB 30HH CONMMMKeHHS TapasiefbHLX JHBHL, nLe cKka-
3bBAETCA BJHAHHE B3AMMOHHIYHLHH, MOXKHO B Psie cnyda-
€3 COCTABHTE CXEMY SaMelleHHst B BHOE TpexJyueBoii cxe-
ME, €CHH TNPENCTABAALTCH BOIMONHBM  HCONOJIB30BATL
sagsemieHnyle HelfTpanu TpauchoOPMaTOPOB CHCTeM AJA Mo-
JAyueHHs oOpielf TOUKH BHe JBYX HNApaJJeNSHLIX JIEHELL
B xauectBe npemepa Ha puc. 3-10,0 nokasama ucxopmas
cxema, Ha pHC. 3-10,e — cxema 3aMelleHHst HyJsesoil Nocre-
ROBATENHHOCTH [JA ARYX GIOKOB TpaHchOpMaTOp — JHHHS
(€ B3AHMOMHIYKIHEH MeXIy JHAHHUSMH).

Ilps cocTaBneHnn cXeMBl 3aMELICHHs mo pHe. 8-10.e
B kauecTBe O0MmeH TOYXH CJIEBa OT MeCTa K. 3. NPHHATA
ofbeuHenHan sasemneHRas HelTpanb oGoHX TpaHchopMa-
TOPOB, @ CONPOTHBJIEHHE TPancdoOpMaTOPOB YUHTHBAETCHA
KaK Ya4CTh COOCTBEHHOrO COMPOTHBJGHHS JHHHE CJAEBA OT
MeCTa 3aMbLIKAHHA Ha semwmo [14].

B. [ee napannencHuie nMHMM

C OTBETBREHMAMM C OBLLMMM TOUKaMM
C ABYX KOHLOB IMPM OTCYTCTBMM
obxosHbIX CBA2eH

I. B nactosnee BDeMs MIHDOKOE PaclpOCTPaHeHHE IO-
JIYUHAH JTHAHH ¢ OTBETBAEHUSMH K TMOICTARIHAM IJfA NHTa-
Hus noTpeCHTenel. JINHEH ¢ OTBETBIEHHAME HOIOIESYOTCH
AN TIHTAHHA SJEKTPHYEOKOR TSATH ia NeDEMEHHOM OMHO-
thasHoM TOKe.

Jna npyx napanienbHEIX BIAHMOMMIYKTHPYIOIHX JK-
BHl ¢ OTBETBNEHHAMH IPE OTCYTCTBMH OOXOJMHX CBA3CH
MOXET OLITh COCTABNEHA [LOCTATOYHO [POCTAR TPEXIpo-
BOIHAS OKBHBAJEHTHAS CXeMa B3aMellleHus Hynesoli no-
caeposarensnoctn [11], mpruem nBa ammelinnix nposoga
0TOOPAMAaT HCXOAHYIO CETh, & TDETHIl ABJMETCH AOMOJ-
HETeJbHBIM (O6MHEM) NPOBOMOM.

2. Ha pec. 3-11,0 norasanma mcxopuas cxema JBYX
T2PaVIeIBHEIX  BIAHMOHHAYKTHDYIOIHX JHHWE ¢ OTBeT-
BIGHHAMM K ({BYM UOICTAHIHUAM, CONEDKallHM IO JBA
TpaHchopMaTopa ¢ 3aseMJeHHEMH HeHTpansMmu; A n B —
CHeTeMbi J00OH CIOMHOCTH, K KOTODEIM DPHKJICYEHH Na-
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Puc. 3-11. [Hpe napanieibHile JHEMH C OTBETRIGHHRMH
NpH OTCYTCTBHHM OOXOZHEIX CBf3EH.

4 — HCXOAHAA CXemMa; 5—-1‘?9)(13‘])0]!0%85 CcxXenMa sSaMelleHHs Hyne-
Bofl MOCKEIOBATENBHOCTH; & — CXeMa SaMelleHms no pec. 3-11,6
AAA CAy¥as oTE/AKSEeHHA H SaseMAeHHA NEHEH C ABYXK CTOpOH.

pamnenbubie  JguHEH. CoOTBeTCTBYIONIAs TPEXNpOBOAHAS
cxeMa SaMelleHHS gaHa ma pHe. 3+11,6.

VkasanHasi TPeXIPOBOAHAS SKEHBMIEHTHAS CXeMa 83-
MelLleH#s NMPaBEIBHO 0Te0paXKaeT IeHCTBHTEIBHYI) CXeMy
HyJEBOH MOCJSNOBATEIEHOCTH B CTBS3H €O CAEAYIOIAM.

Ha xamyom H3 yuacTKOs JHHHI TOK 8 ofilleM NPOBO-
Jie CXeMBl 3amelleHun @0 puc. 3-11,6 pamen cymde TOKOB
ofenx nHHHE, 3TO BHITEKAeT M3 TePROro 3akoma Kupxroda
TIPUMENATENERO K 3aMeHYTOM iiopepxnoctd. Kpome Toro,
AeHCTBHTELHOS TOKCDACIPEReietHe B CXeMe no puc. 3-11,6
obecneyuBaeTCsi PH NPHHSTHH CONPOTHBJAGHHE AHHEHHBIX
[IPOBOAOE PaBHBIMH PasHOCTH COGCTBEHHEIX M B3aHMHBIX
CONPOTHBNEHHN JHHAMM, A CODPOTHBNEHHS OOIIEro TPOBO-
[a — BIgWMHOMY COIPOTHBJEHHIO; 370 CHAEAYEeT H3 COmo-
CTaBJIEHHS € KIACCHIECKOH TpeXsJieMeHTHOH CXeMol saMe-
WeHHA JIBYX MapajleAbHuX JeeHE o puc. 3-10,6, 8 xo-
TOPOfi COMPOTHBNEHUN PBYX DNEMENTOB, O0TEXACMEX KaXkK-
Aufl TOKOM CBOCH JHIHMH, PaBHLI PASHOCTH COOCTBEHHBIX
H B3AHMHBIX COIp Kaxxoil JHBHH, 2 CONPOTHBIE-
HHe TPeThero vJjemenTa, o6TeKaeMoro cyMMoil Toxos obeux
JiHHHY, PABHO B3AHMHOMY COTIDOTHBIEHHIO OOeHx JiHuui.

OCTOHHCTBOM |PACCMATPHBAEMOH TPEXIPOBOLHOM
CXEMEl SaMellleHHs ABUIAETCS TO, YTO OHA CTPYKTYPHO OTO-.
Gpaxaer B3ARMHOE PACIONOIKEHHe (TONOMIOTHIO) OTHEIBHBIX
aNeMenTOR HefiCTBHTENLHON cxeMul. BmecTe ¢ Teit meobxo-
AMMO OTMETHTS,, MTO B CBASH € BHHOCOM CONpPOTHBMOHER
B3AHMOHMIYKUHHE B OOMMKE NPOBOX H ACKYCCTBEHHEINM CMe-
IIeHHEM IIOTEHIIHANOB OTJe/BHLIX TOYeK JHHEHHBIX NPOBO-
nos B cxeme mo puc. 3-11,6 (To ke HMEeT Mecro B Hexo-
TOPHX APYIHX, NpHBoNeHHHX B § 3-4 cxemax aaMelleHHs
HYJIEBOH MOCIGN0BATENEROCTH) OnpejeNieHHe HampsXKeHHH
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nynesofl  NOCACHOBATCIBHOCTH JIGJUKHC IDIPOH3BOLHTHCH
€ YUeTOM paclpglelcHHs NOTEHUHAN0B B NeHCTBHTENbHOH
cxome 1o pre. 3-1la.

4. Jing ocyILeCTBNEHAR DA3HHX DPEKHMOB (Kackaumoe
OTKJIOUEHHE, OTKMOYEeHHE H BaseM/leHHe JpMH ¢ JIBYX
CTOpOH) He TpeGyercs nepelopka W MepecueT OTHETHHBIX
CONPOTHBASHHI,

" Cxema 1o puc. 3-11,6 nosponsieT OCYLECTBHTL PASIHY-
Hble PEKHMBl TPOCTHIMH KOMMYTAIMOHHEIMH ONEPAIHsMU.
Tag, KacKaHOe OTKIIOYEHHE NORPEKISHHON JIHHHE, & TaK-
e PEHHM OTEJIOUEHHH JHHHH € JBYX CTOPOH OCYLIECT-
BJSIETCH OTIIOUEHHEM COOTBETCTBYIOUIMX KOHJOB SJieMel-
Té CREMBI SaMEILleHHs, N0 XOTOPOMY TIPOTeKaeT TOK JIMHHH.
PeXXyM OTKJIOUSHHS M 3a3eMJIEHHS JIMHHH C |IBYX CTOPOH
OCYLIECTRISICTCH NPHCOSMHECHNOM KOHIOB OTK/HOSaeMOf JH-
HHY K 0lleMy NpOBOILY, KaK NOKasaHo Ha puc. 3-11.8.

. Tpn napannensuelie nuHUK
¢ obLiel TouKoN C OAHOro KOHLE
{obwmii cnyyvanm)

. Ha pwc. 3-12,a pama wMcxolHas cxema, a Ha
puc. 3-12,6 —cxeMa saMelleHHE KyNeBOH NotuienoBaTeln--
HOCTH nns ofuero ciaydasl, KONNA CONPOTHEJEHHS! B3AHMO-
HHAVKEHM MEN(IY NONZPHO B3ETHIMH ‘NHHESME DasIuHb!
[13]. IlpuusTas cxeMa 3aMelleHHs cOnePxAT 7 BeTeell mpH
$ rHesapMCHMEX kosbOunuenTax B cooTReTCTBHH ¢ (3-4a),
B paccmarpHBacMOM Cay%ae STO MPHEGEHT K YNPOIIEHHIO
CXeMBl 3aMelienns. PacueTHble BEIpameHHs piisl oupenene-
HHH CODPOTHBIEHHH 5/M6MEHTOB CXeMbl 3aMelleHHf IO
puc. 3-12,6 caenyror us mpunomenus 3[1-7.

[lpu sambikasky Ha 3ema0 B Npefesax ogHofl H3 pac-
‘cMaTprpaeMbIX mmnit (NpE HamEuHK OGIMEX TOUEK ¢ ODOHX
‘KOHJIDB) CXeMa BaMelleHHA 0O pHC. 3-12,6 HCIOIBE3yeTCs
LN8 yacTell NMAuuH CleBa M CNpaBa OT MeCTa XK. 8.

2. PexpM HaCKaAHOTO OTKJIOYEHHS NOBPEXJERHON JIH-
HHH WJH OTK/IOYEHHS JHHHH € ABYX CTODOH OCYINECTBS-
€TCA B CXxeMe saMellewHs Io puc. 3-12,0 oThaovelHeM
COOTBETCTRYIOMMX KOHUOB 3AeMeHTa, N0 KOTOpOMY NipoTe-
KaeT TOK AHH.

3. CxeMa zaMelleHHs! BJS PeXKHMA OTK/IOYEHHS H 3a2-
3eMJIeHEA JHHMH B CxeMe No pHe. 3-13,8 Mo0xer GHITH Co-
CTABNEHA, HCNOML3Ys npHeM oGpaTHOrC npeobpasobanns
cxXeMul Ge3 BIZAMOHHAYKUMH B TXE€MY € B3aHMOWEAYKupeH

Mexny siaeMedramy. [IpHMEHHTENLEG « JABYM Napasienb-
HEIM JIHHHAM 9TO 03HAYAeT, 9TO CXeMH mo puc, 3-10a u 6
KaK Oot MemsioTCH MecrtamM. B paceMaTpuBaeMoM cayuae
B cXeMe NO pHe. 3-13,¢ amemenTH! € CONPOTHRJIGHHAME
Zi, Zo v Z; (conpoTuBNeHEe HYNEROH NOCICHOBATERHO-
CTH CHCTOMBI) 38MEHFIOTCH JBYMS BS&HMOHEIYKTHDYIOLA-
MH sfiemeniaMmu. Taxkum nmyTeM M3 cxeMsl no puc. 3-13u
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Pre. 3-12. Tpm napammencHeie IuEHM ¢ ofwelt Toukol
¢ oxznore Kouna (ofmuit cayvait).

a -— HeXofHas cXema; 6 — cxeva samenenHa Hysnesofl nothenoea-
TeJLHOCTH,
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Puc. 3-13. PexuM OTKMQUEHWA M 3a3eM/IeHHS Onuol K3
Tpex quuuf ¢ ofweli TOYKOl ¢ OAHOTO KOHNA.
@ — MCXOJHAY CXeéM&; O — NPHBeleHHe  HCXONHOR CXeMw To

puc. 3-13,@ K BHLY CKEMB!I C TPeM¥ NAPANNEALHBINH JNHHHSMH N0
prc. 3-12,a, ¢

Tosy4M cxeMy no puc, 3-13,6 ¢ TpeMst B3aMMOMHAyKTH-
PYIOIHMEA NAnAaMH ¢ ofiell Todkoll, mMeowel aoTennHal
3EMJIH.

Cxewma nio puc. 3-13,6 a2uanornysa cxeme no puc. 3-12,a
M OT/HYAETCS OT Hee JIHIIbL SHAYCHHSIME HEKOTODHX €O-
fipoTHeaenni. Fexonst ws coorsomenuit puc. 3-12,6, 3 Ko-
TOPBEIX H3MEHCHE! BHAUCHHS Zi1, Zgzz H Ziz, MOJYUAM CXeMy
saMelleHnst s puc. 3-13,6, aHaNOIMYHYIO CXeMe IO
prc. 3-12,6 B UMHTHPYIOILYI0O PEXHM OTKJIOUCHHS H 34-
3EMJICHHS JIHNHH § B CxeMe 1o psc. 3-13,a.

Boaee yuuBepCasbHBIM JiIS peXHMa OTKMOUEHHA o
BASEMJUICHHS OMHOR H3 NMHEA € ABYX CTOpPOH HBISCTCH Me-
TOL  HCRMOUCHHS OTKMOUCHHOM ¥ 3a3eMJeHHOH JHHHEH
{nprnoxenmne 3I1-6). B s10M cnyuae Tpebyercs SaHOBO co-
CTABATH CXEMY 3aMmeieHuss (&8 He TOJBKO YaCTHYHO HSMe-
HETb CONPOTHBNEHHST HECKOTODHX SJEMCHTOR HMemedics
CXCMB 3aMCIUEHHS), OAHAXO OPH $TOM B Hee He BOHOYT
3JEMEHTHl MPHMBLIKEIOMHX CHCTEM.

O. Tpn napannensuble nuHMK C oBLiei TOuKOHN
€ OAHOro KOHLA NPM YCNOBMH,

4TO He BCE CONPOTMBNEHMA BIAMMOMHAYKLMU
HE3aBMCHMMbI

I. Ha puc. 3-14,0 noxasaua cxeMa BKIOUEHHS TPex
n2palieLHbIX JHHEH, KOTa fBe netd f ¥ 2 pacnonomesn
Ha OnHOA onope, a Tpervs vemb §—Ha Apyrofi omope.
Ecan n}mr{m C HEKOTOPHIM HPHO/NMKEHHEM PACCTORHHS OT
nemedl / m 2 no nemm J OJHHAKOBHIMH, TO MOMKHO YTHTH-
BaTh B¢ B3aHMOHHUIYKLUHH BMECTO Tpex, a HMeHuo Zi2 H
Z1g=Zz3, ¥ TOJYUHTH CXeMy Samelllenas Gonee NPOCTYIo,
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Pue. 3-14. Tpr napaireibhue numay ¢ obumeli Toukofr
C ONHOID KOHUA NPH YCIOBHH, UTO He Bce CONPOTHBIEHHS
BSaHMOIEImyKHHH He3aBHCHMEL. .

@ — MCXORHAN cXeMa NpH Zig=Zz; 6 — NDOMEXYToYRas CcXema 5a-
MeleHHs] HyNeBolt NotneloBaTenNbHOCTH; & — CXéMa SaMmelleHHs Hy-
Nesod mocNeAcBaTeNbHOCTH OAn uexopnolt cxemw mo pae. 3-14,a
(npp Zy=-Zy); 2 — cxeMa SaMeIEHuS HYJEBOR NOCIEOBATENLEOCTH
Las kexonuolt cxemul mo pHe. 3-142, HO NpE Zoy==Z)3.



ueM NOKa3aHHas Ha pHC. 3-12,6. Taxad cxeMa saMellcHHHA,
npusepenuas-ua puc. 3-14,8, monyuena peckMa (IPOCTO IPH
paceMOTpeHHr Jmmmlt [ H 2 COBOKYNHO Kak rnpymmy S
¢ coGOTBEHHBIM CONPOTHBNEHHEM Z,. 10NMA HCXOJHYIO CXe-
¥y mo puc. 3-14,06 MOKHO TPEEATH COCTOAWCH M3 HBYX
BIAAMOHHIYKTHPYIOIIHX  II rpymad § M nenw 3 @
COCTABHTL TPEXVIYMECBYIO CXEeMY SaMmeuleHua 1o 3-14,6,
2HANOTHYHYX cXeMe saMmellenns mo puc. 3410,6. Paseopa-
anBas [ganee coOcTBEHEOE CcONpoTHBIenHe Za TPYRDH S
(pmc. 3-14,6), CODTEETCTEYIOLIEE E3AHMOHHAYKTHDYIOULAM
wensm [ W 2, NOnyEaM OKOHUATENBHO CXEMY 3aMemeHHs
50 puc. 3-14,6. /

2. Ins cryuas, ®orAa B cxeMme no puc. 3-14,a munna 2
PACTIONIONEHA NOCepeN#ne Mewuy JvHAsmE I ® 8, B pac-
cTosmnHe Mexpuy nenavH | B 2 paBHO PaCcCTORHAI, MEXKLY
genamH 2 M 3 (Zip=—~Zss), Taxwe BEpHA. cxeMa {0
p#c. 3-14,8, eciH B HaHMEHOBaHHE NHHHA ® CONPOTHBIE-
HHAX SJNCGMEHTOB ee loMeHATs hHekcH 2 u 3. Omuaxo
fpH 3TOM B CXeMe saMellesus mo pHC. 8-14,8 mossasercs
aReMeHT ¢ OTPHUATeNsHBIM coIpoTHeleHHeM (Zis—Ziz).

CBA3H C STHM JJAA PaccMaTPpHBAEMOre ciIydas (wonia
B CXeMme qo puc. 3+14,0 cobmonaeTcs yCICBRe Ziz=Zzs) BO
usbeXanne OTPHLATENLHLIX CONPOTHENIEHM MOXKIO MPAEATE
CXeMy 3aMelieHHs.no puc. 3-12,6, B KoTopoh d==l.

JiA PEHKO BCTPEYAIOIErocs Cviydas PABeHCTBA BCex
CONpOTHBJIEHHH B3aHMOHHIYKUHE B CXeMe RO pHc. 3-12,a
{Z1z=Z1p—=2Z33) cxemy BaMeLieHHST HyJeBoli. HOCHeioBa-
TeNbLHOCTH WO pEC. 3-14,2 MOXHO TOJYMHTH H3 CXeMH [0
pac. 3-14,8, yunTHBas, MTO0 Zys==Zya.

E. Yerteipe napannensHele nyHMM
¢ obuiel TOUKOH € OfHOro KOHLa
(oBuwmin cnyvaii)

1. Ha puc. 3-15,a Moka3ana cxeMa GRIOUEHHA YeThIpex
Jmnuil ¢ obwedl Toykoff ¢ OLHOIO ®OHUA gOMA ofINero ciy-
9ad, KORAa CONPOTHBNCHHA B3AHMOHHIYHIAH MEXAY II0-
TWAPHO B3RTHIMH JHHHAMH pasmuund. CxeMa saMelleHus
wyiesoll TIOCAEEORATENRHOCTH AaHa Ha PHe. 3-15,6 [3] =
uMeer YHCHO Berselt B coorsercTeHH ¢ (3-4a)

r{n41) 4.5
q:._(._.'zt_]_=_§.= 10.

PacueTHbe BHIPaKERHA A ONPENENSHHS THBJE-
fINA SJEMEHTOE CXeMH 3aMemedns o puc, 3-15,6 sume-
Aestl B Dpuiokenud 3I1-7, -

ClenyeT OTMETHTH, 4TO B IeJAX YOPOWEHHA NapaMeT-
PH cxeMBl samemenust mo puc. 34156 (a Takwe 90
prc, 3-12,6) MOryT OHTh BHEMHCGIGHH N[0 HHAYKTHBHHM
CONPOTHBJEHUSIM NIHHHA, 8 AKTHBHLE CONPOTHBAGHHA UPH
STOM YHHTHBAIOTCH TOILKO B BeTBAX G, b, ¢, d.

Tipu saMuIKaBHA Ha 3eMNIO B Mpeenax OAHOR u3 pac-
CMATPHBAEMBIX Jmuih (NpH HaaHYEH OOmWHX TOYeK ¢ obe-
X CTOPOH) CXeMa 3aMEeIHeHHS HYJeBOR TMOoC/enoRaTe/hHO-
cta no pac, 3-15,6 momoneayerca s uactell JHHHE crepa
H COpaBd OT MECTa K. 3.

. PemuMH KacKajHOrO OTKIIQUEHHF K. 3., & TAKKE
PEXHM OTKJIOUENHS JHHHH ¢ JIBYX CTOPOH, K&K yike yKa-
SHBAJIOCH BBHIE, OCYINECTBARETCA B CXeMe Tio pHC, 3-15,6
OTKIIOUEHHEM COOTBETCTBYIOLIHX KOHIOB JHHHH B CXeMe
3aMELICHHS.

Jlas pemuma OTKJIOYEHNA H 38SCMUCHHS JINHEH B CXe-
M€ 00 puc. 3-16,0 MOMHO COCTABHTL CXEMy S3aMelicHHS,
BCIOAB3YS TpHeM 0GDaTHOro MpeoGPa3OBaHHS CXeMEl' Ges
BSAAMOMHIYKIBH B CXeMy € BIaMMOHHAYKUMER MemIY
SAGMEHTAMIL. ’

Tpu stom p cxeme no puc. 3-16,4 snementh ¢ compo-
THBJAGHHAMH Z11, Zs3, £33 U Z¢ (CONPOTUBACHEE HYJAeBOR
TNOCAENOBATENBHOCTH CHCTEMEI) 3aMEHSAIOTCH TPEME BaaHMO-
HHAYKTHPYIOUHMH 3N€MEHTAMH B COOTHETCTBHH €O CXeMoft
mo puc. 3-14,2. Taxum B8 CXeMH pHc. 3-16,a mony-
WHM cXeMy 10 IPHC. 3-16,0 ¢ ueTHPbMS BSEUMOHHITYKTHDYIO-
WHMA JMHAAMH ¢ OOueff -TOuKOR, uMeomed IOTeHIHAN
seman, Cxema mo puc. 3-16,6 aHajJOTHUHA cxeme IO

puc. 3<15,ac ®m OT/IMTAETCHE OT Hee JHIIP 3HAYCHHEMH
HEKOTOPHX  conporupaexni, Hexoms -H3 cootHomennd
sc. 3415,0, B ®OTOPHX H3MEHEHE: SHAYEHHA Zig, Za2, Zss,
12, Z3s H Zys, MONYUNM CXEMY 3aMEWEHHS MR CXeMH
o pc, 3-16,6, apanorHgEyio cxeMe mo puc. 3-15,6 u Hmu-
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Puc. 3-15, YetHpe nmapanaesbune auHux ¢ ofineft Touxod
C OMHOr0 KOHUa (oCwmi cayuair).

@~ HCXOQHPN cxema; O -—cxema samenleEHA Hynepoll mnocnenozas
TENbHOCTH,
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Puc. 3-16, Yernpe napaanenbine JHEHEE 0o puc. 3-15a
ATS EXXHMA OTKAIOUEHHS H SaseMJEHHS ONHOH M3 ueTHpex
MHHHI.

@ — yCXOoNHAN CxemMa; O — npHBeAeHHe CcxemMsl mno pue, S-16a
K BHOY CXeMH € YOTEHPbMA OAPA/IeNbHBIMK  JRHHAMH 2 Dg
PHC. 3-!5.0;
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THPYOWYIO PEXHMH OTK/IOUCHHA W SaSeMNCHHA JHHEW 4
B cxeme fio pme. 3-16,a.

Bogee yrHBepCaVbHBIM [UIA PEIKHMA OTKIOYEHHS H
sageMAeHHE OAHOH ®3 JMHHH C ABYX CTOpPOH ABJSETCH Me-
TOJ, HOEJAIOUEHHA OTKAICYeRHOH H 3aseMaenHO nuzumn (IpH-
Joxenne 3I1-6). B sTom cayuae mpebyercs saHOBO €O-
CTaBHTh CXeMy SamellleHns (a HE TOJEKO YacTHYHO H3Me-
HHTE CODPOTHBNEHUS HEKOTOPHIX VIEMEHTOB HMelomelcs
CXeMH SaMellleHds), OJHAKO IpH STOM B Hee He BORIyT
SNEMEHTHL HPHMBIKAIOUIHX CHOTEM.

. Yertbipe napannencHbie NMHWM

¢ obuieii TOUKOH € OAHOro KOHUa

NpW YCNOBWM, UTO He BCe CONPOTMBIIEHMS
B3aMMOWHEYKUHK HE3aBMCHMEI

1. Ha prc. 3-17,@ paccmotpen cayualt nanpyms aasH-
cHMOCTeH MEXy B3aHMORHIYKLHSMY UeTHpeX Hapanjielb-
HBX JiMHEA, 8 HMEHHO KONJa 0 HA JABYXIOTHAN JHEHSA
PACOCNOHMEHE TOCEPEAHNE Ha ONHHAKOBLIX PAaCCTOSHEAX OT
ABYK KpafHMX OJMHOYKHIX Lemell M ®OMMA MOXKHO C HSBECT-
HEIM IPHOMHKEHHEM HMCXONHTE H3 [YCIOBHS:

Zre—=Zrg=La—=Z3;.

CxeMa saMeeHHs HYJeRrol NOCaenoBATEMbHOCTH [Jada
Ha puc. 3-17,6. Ilapamenpei cXeMBl BaMeLleHNS TOMYHEHb
U3 COOTHOWEHWH, NPHBEIERHEX Ha puc. 3-15,6 npu yuere
OCOBBIX YCHOBHE DaCHIONONEEHS PACCMATPHBAEMBIX JIEIHi,
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Puc. 3-17. Yersipe napasviensHble JHHHH ¢ oumell Toukol
C OIHOIO KOHNZ TPH YCNOBMH Zip—=Zia—Za=Zy (Ba-
puanT A).
& — Hcxomnas cxema; § — ciema Samewenns wuynesofl TocaesoBa-
TENBHOCTH.

Tlipumevanue IlapaMeTpel CXeMEl SaMelieHHA NOAY9EHA!
H3 cooTHowedwH, ITDREBENEHHEIX ka puc. 5-15,6 npm ydere ocoOBIX
YcacpuE pPaclosioXeHHs PacCMaTpPHBAEMBIX JHHHA.
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Puc. 3-18. Yernipe napajnensutle NHEHH ¢ ofuell Touxoi
€ OfHOrO KOHLA NpH YCNOBHH Zyg=Zjy=Zg—Z7Z3 (Ba-
puanr B).

0 — HCXONHAR cXeMa: 6 — NPOMENYTOdHLle CXeMB! SAMOMIEHHS HY-
nepoft Nochiefo\BaATENBHOCTH; 6 — CXeMa 3&8MELeHHA Hyhepofl mocne-
JOBATE/BHOCTH € 3JCKTPHYECKHMH CBSSAMH MEXIY BCEMH SJEMEH-
TaMui; 2 — CKeMa 28MEelleHHs HyJhepoll NOCNEeiOBATENLHOCTH € Bid-
HMOHHEYKTHBHON CBAZLIO,

2. Ias Tex xe ycnosuBt pacmonoXKeHHs UeTHIPEX Na-
panielbHBIX JrHHH, 4T0 H Ha pue. 3-17,0, wmoxer Onirh
BHBENeNa (oJiee TMPOCTaf CXeMa 3aMelleHHa HyJeBoH ¥o-
crenoBaTedbHOCTH. JIAa 3TOr0 B HMCXOAHOM CcXeme 0O
puc. 3-18,a obpenuHEM wxpaivue suump I w 4 B ogny

yory S, a cpernre JuHHEHE 2 M 8 — B Apyryo mpymy Q.
PH PACCMOTDEHHHM B COOTBETCTBHH ¢ STHM MHCXOMHOA
cxemst o pue. 3-18,a, cocnosuuell w8 JIBYX B3aEMORHIYK-
THPYROIAX Dpyon JuEili § M Q ¢ COOTBETCTBYIOUIHMH
HEEIME COTPOTHBICHUSIME Zggs M Zoo H B3aUMHEIM
CONpPOTHBNCHUEM Zsg, MOXHO COCTEBHTh TPEXVIVUEBYIO CXe-
My 5o pac. 3-18,6 (1), ananormusyio cxeme mo. puc. 3-10,6.
Paspopaunsas jpanee COOCTBEHHEIR COTIPOTHBJACHHA Zgg H
@ B TPEXViyueBble CXOMBI 3aMEUICHES NADANNEILHBX -
Bl (puc. 3-18,6 (2)), nonyuHM OKOHYATENBHO CXeMV 3a-
Melnerns mo pHe. 3-18,6. OpmHako cxeMa 3amellleMHs IO
pEC. 3-18,6 CONEPHT OTPHLATENHHOE COIPOTHBJIEHHE
Zy—Zi>. B sToM oOTHOWeHWH paccMaTpHBaeMas CXOGMa
YCTYHNaeT COCTABIEHHOM LIS TeX XXe YCiaoBuH cxeme 10
pue. 3-17,6, xoTopas, KaK NPABUAC, He CONEPIKHT OTPHILA-
TeABHBIX ©OONpOTHRICHHH. HMeercs BOSMOKHOCTL HCKMO-
YHTh OTPHUATENBHOE CONPOTHB/EHHE B cXeMe no pue. 3-186
NpHMeneHHeM CxeMBl pre. 3-1B,2, woTopas monydaercs H3
CXeMEl 1r0 jpic. 3-18,8 saMencii 3sesusl conpoTHBacHYl 22,
—Z13 H —Zjy3 NBYMA NeOsMH ¢ B3aHMOMHIYKTHEHOH
CBSAbI0 Ziz.

3. Hpyro#t cnyuaif 3aBHCHMHX CONPOTHBAEHHH B3aH-
MOBHIVKIHE YeTeiDex Napaj/ienbhbX VIMHMA 00xKasad Ha
phe. 3-19,a, Ronma TpH 6JM3KO pacmoioeHHEle JHHME I,
2 1 8 ¢ opuHAxOBHM paccrosuHeM of Jaumwp I m 8 jo
muHMy 2 HaxopATcs B COMBIIOM OTHAVIEEHH OT METBEpTOf
JHHYH # KOMa TPHOMHMEHHO MO0 MCXOINTE U3 YCIOBMUE
Zya=L3s B Zu—=Zp=Zss.



INapaMeTpur CXeMEl SaMelleHus {10 | 3-19,6 moay-
YeHb H3 COOTHOIUEHMH, MPWBEeNEHWHBIX Ha pxc. 3-15,6 npu
ymeﬁ 0cOBKIX YCAOBHE (PACMONOKEHHS PACCMATPHBACMEIX
JIHNIHE.

4. Ilna Tex e ycnaosmii, 4o H Ha pic. 3-19,4, mMoxer
6uiTh BHBeAeHa Goviee MpOCTaR CXeMa SaMellleHHM§ HYyNeBOR
nocaenosaTe pHocTH. JINin STOrO B HCXOUEHOR CxeMe IN0
puc. 3-20,a oGpenuuuM mepBoHayasmho JuHuH [, 2 H &
B OmMYy TpYmTY S k© COGCTSOMHBEM COMPOTMBJCHMeM Zgs.
Ilpx 9TOM MCXOIHYHI cXeMy mo pue. 3-20,0 MOKHO IIpH-
HATEL coCTOSIEl! H3 UBYX B3aNMOHHAYKTHPYIOIMX ueneli—
rpynnsl S ® JHBEH 4 H COCTABHTE TPEXIYUEBYID CXeMy
samemenus 1o pre, 3-20,6 {I}. Hanee passepueM COIpo-
Tupnenne Zgs puc. 8-20,6 (i), gaccma‘rpmnaﬂ PESOeabHEO
rpymmy saeuft o 8 u smnmio 2. Tawum ofpasom nony-
ypM cxemy mo pme. 3-20,6 (2). Oxougarespbas cxema
samenteHusa no puc. 3-20,8 noayueHa obbEnHHEHHEM CONPO-
THBIEHAH Z1z2 M —Zy. OmHAKO cXeMa BSaMelueHHs IO
He. 3-20,6 CONEPHHT OTPHUATENBHOS CONPOTHBASHHE

15—Z12. B STOM OTHOWEHHM paccMaTpHBaemas CcXema
YCTYiaeT COCTaBJAEHHOH JAJH TeX IKe YCJOBHE cxeMe IO
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puc. 3-19,6, koTopaf He CONEPHMT OTPHUATENBHLIX COMPO- Zyy—2p
THEMeHHM. VIMeeTCs BOSMOXTHOCTE MCK/MOYHTH OTPHUATENE- - o ¢
* Hoe COTPOTHBJEHHE B cXeMe mo pue. 3-20,6 mpuMeHeHHeM 8
cxeMmsl mo pue. 3-20,2, B KOTOpPOH 38Besfia ¢ CONPOTMBJE- -2z
HuaMH Zis—2Z1s, Zaz—Z1g B Z1a—Zy, 3aMeHeHa JBYMS B3a- Zyg—iyy ,
MEH;%KTWMHW LT MH. I 1 Ex—Zu
6. Ha pue. 3-21,a moxasan cnyyafi BRIIOIHEHHS YeThHi- Zn 2197y Zgp—Tpy —t _1+—03
peX napanfefbHBIX JHHKE B BHAe JBYX [NBYXLUSMHEIX JMHAL. 3 0Z
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3 oz Puc, 3-20. Yerupe napajseliibBuie JquBuk ¢ obueil Touxol
Zs3 &3 € OJ(HOrO KOHLA TIPH YCNOBHR Zig=Zgs M Zig—Za=Zy (B2-
—— o ¥ puast B).
zf? o~ HCXofiHa® cxema; § — NpoMeXYToyHHE CXeMbl S2mMeUleHHsi Hy-
qu- nesoll MOCJEAOBATENBHOCTH; 8 — CXEMa 3aMelieHKs Ryseeofl mocte-
o] 4 HOBATENBHOCTH C SMEKTPHYECKHMH CRA3IAME MEXALY BCeMH SJeMeH-
TAMH; & — CXeMa 3aMElleHHs HYMeBofi NoCMefoBaTEeNBHOCTH C B3a-
1 HMOHERYETHRHOR CBASHIO.
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Puc. 3-21. [lpe napainensHeie OBYXUCNHEE JHHEH ¢ obuwei

Zsi Ly
Zoy Ty

= Zis~Zn

F
AR

M; L=

L3y 2y
= z =__—-_..-.-—-F=
0 N Zi-Zrs 0

Zoy~Zzy
B Q §

Puc. 3-19. Uernipe napaniensisle JHHHH ¢ ofurell TouxoH
C OJHOro KoMma NpH yCIOBMM Zyg=Zgs B Zuy—Zy==Zy

(naguast A). TOYKOH C OJIHOIO KOHLE, PAcCTOSHHH MeX/Yy IBYXLEMHbIMH
ge ;.,ﬁ'é.’é%’}““ cxema; O--cxeMa samellenus HyJeEOll NOCJEAOBA-  yyppope NPHHAMAIOTCS YCPENHEHHEIMH (Z1s=Z2s—214~=Z51).

NpumMeyanne I[lapaMeTpsl CXEMEl 3aMELCHEN NOJYYEHEH
HS COOTHOLNERHi, NpHpefleHusX Ka puc. 3-16,6 mpn yuere ocolkIX
yeaopwil PacnoNoIeHHs PACCMaTPHBAEMBIX JIHHHI,

a — HCXofHas cxeMa; 6 -— MpoMeXyToyHLIE CXEMB 3aMCIUEHH® HYy-
seeoll MOCNCROBATENBHOCTH; & — CXeMa samelleHAs HYJesol nocae-
JOBaTENLHOCTH. '
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Ecnu ¢ nexoropuM npuGaHMEHHEM TPHHATE B CXeMe IO
pac. 3-21,a coorHowenne
Liae=Zope=Zire=la,

TO MOXHO HOAYYHTE BECEMa DPOCTYI0 CXeMY SaMelleHus
ByneBoll HOC/EIOBATENIBROCTH. STOr0 B CXeMe Iio
puc. 3-2l,a ofwennenm nEpmm I w 2 B onuy rpymiy S,
a mues 3 ¥ 4 B mpyryo rpymry Q. CocTzBEe Tpexayue-
BYIO CXeMYy SaMellleHHf ABYX B3aRMOHHIYKTHPYRILHX DPYINI
S # Q ® passepThiBas Janee COGCTBEHHBIE ‘COLPOTHEAEHHA
Zss ¥ Zog B CBOK OYEDEIs B TPEXJYueBLIE CXeMHE 3ame-
LEeHHA [MBYX NaPaJNeNBEBLIX JIEd, JOTYUHM CXeMy 10
puc. 3-21,6 (f) u 3-21,6 (2). Ha puc. 3-21,6 naEa OROH-
YATENEHES CXeMa SaMelleHyusd, HMelollasl JIOCTATOURO UpPO-
mﬁrﬁm,u 'H He COUIepPXKaUlag OTPHUATENBHHX CONPOTHE-
Neruit.

3. lecTs napannenbHBIX NMHMMA
¢ oblei ToOuKOM C OHOTO KOHLA,
BLINOAHEHHEIX B BMAE TPEX OBYXLLENHBIX NHUHMMK

1. Hexonuast cxema flana Ha puc. 3-22,a. Ecam ¢ me-
KOTOPHIM MPHOAMIKEHHEM TIPHHSNTE YCPEIHCHHOe paCcTosnye
MEXMW ABYXUSNHHMHE SAUHHSME, TO MOXKHO COCTaBUTHL fIO-
CT2TOYHO HPOCTYIO CXEMY 3SaMellenHs HyJepol wocieroBa-
‘ TeABHOCTH, BCXOAs HE CxéMel 00 pue. 3-12,6. lns mos-
., MOXCHOCTH HOIOAB3OBAHHA PACUETHHX BHIDAMEHHN SIeMe-
© TOB CXeMB! no puc. 3-12,6 5 cxeme no prc. 322,24 B oTnu-
| gHE OT LPYTHX CXeM MPHENTA [Jf [OBYXIeNARX JHTHA Hy-

mepaunst I, 2 B 8, & - Ins OOMHOYHHX UelEl Hymepaius
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Puc, 3-22. Tpn napansenbHbe OBYXUENEwE JHEAH ¢ o6mel
TOWKON ¢ ONIHOIO KOHUA; PACCTOSHHS MEXOY CMEeXHBIMH
IBYXUENHBIMA  JHHHAMH  NTPHHHMAaTCA YCpeHeHHEIMH
=y m=Ziiv=Lu1v u Zm v=Z1v v=Zix vi=
=Z1v vI).

@ — UCXONHAR CXema; 6 — npoMeMyTouHaN CXeMa SAMPILeHHN ny-
Nenoll NeCIeNOBATENLHOCTH; & — CXeMa SaMelleHHSs nynemﬂ o~
CNeJ0BaTENLHOCTH. :

Mpumevanune. [ng oupejescsusi NApaMeTPOB CXEMBI HC-
NONBIYIOTCH  COOTHOWEHUNSA, NPHRCAGHHWE HA phc. 3-12,06, npunuem
CONPOTHBACHHA «'+¢" paumoll CXeMbl MONYUAKOTCH K3 BRIDAHCCHHN
LAR COMPOTHERCHEA G-+C, B HOTOPRIX HCKAMOUEMEl YJAGHE Zy-2+Fa.

90

I—V]. Taxmm obpasoM, YyclOBHe PACTONONKEHAA JHHHR
puc. 3-22,a sanHINETCA TaK:

Zyur=Zy m==Z1 1v=Z11 1v
H -
Zay v=2yv v=Zm vi=Ziv V1.

Paccqarpusas npe Lend kaxnuofi AByXUenHOH JMHEK
no puc. 3-22,0 coBMecTHO, NOJyYaeM TpH TPYNNLL JaHHMEH 1,
2 ¥ 3 ¢ cOGCTBeHHHIMM COTNPOTHBNEHHAMH Ziy, Zop M ¥3s.
Boigeasist 9TH CONPOTHBNEHHS H3 JYUYEBLIX SNEMEHTOB CXe-
Mb mo pHe. 3-12,6, noayuaem cxeMy saMeLIeHHE TO
prc. -3-22,6. Ianee, paseepThiBasi CONPOTHBAeHHS Zy, Zg
# Zps B TpexnyyeBue CXeME JABYX TNapa/liejlbHEIX JHHAR,
nolydaeM OKOHUATENBHYIO CXeMy 3aMelleHus no pic. 3-22.8,

2, Ecan B pononneHue K ycaoBuaM puc. 3-22,a cofnros
Aaerca PaBeHCTBO DACCTOSHHI Mexay Cpexpnefi M Kpaitua-
MH JBYXIEIHWMM JMHHHSIMH, T. €, €CJH B CXeMe IO
puc. 3-23,a mcxoguth H3 ycnoBus Zyg=—=Zpy—Zp==Zy=
=Lgg=Lyg==Lyy=Lgg, TO MOKHO DOJYYHTb BechbMa IIPOC~
TYI0 CXemy sawmelllents HyJiepoli mocienopatensnocru. [ins
STOro B cxeMe no pHe. 3-23,a oObegHHuM xpaiikHe ABYX-
Hennuie Juppd c uensme I, 2, & w 6 B opay rpynny S
¢ cOOCTBeHHHLIM CONDOTHBJEEHEM Zgs, & CPEIHIK IBYX-

LeMHYI JiHHHK ¢ Hemsamu 3 ¥ 4 B gpyryio rpymny Q
¢ cobCTBEHHHIM CONpOTHBNeHMeM Zggq. PaccMarpuBas B CO-
Zy 3 “
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Puc. 3-23. Tpr napamemsyue AByXuemHnwe Auykd ¢ oGumedt
TOUKOH € -OJROT0 KOHIZ; YCPeAHCHHEIE DACCTONHHS MEKAY
CMEXHLIME JBHHIMH rgman‘mam*:m paBHEMH (Zig=Zps—
=Ly=Ly=Ly=Le=La=2ss).

€ — HCXORHan cxema; € — IPOMEMYTOUHHIE CXeMEl SAMEICHHS HY-
nepol NOCACHOBATENBHOCTH, 6'— CXGMa SAMCLICHHS HYAEBOR Iio=
CHCAOBATENRHOCTE € SJNCKTPHUCCKHME CBASAMH MEM(IY BCeMH Sie=
MEHTAMH; & —CXeMa SaMelllcHHR HYyJeBofl NOCAENOBaTeNLHOCTH
€ BSAMMOHHIYKTHLHCOMA CESSEW.



OTBETCTBHE C STHM HCXOAHYI0 cxemy no pre. 3-23,8, co-
CTOAILYIO_ M3 JIByX B3aHMOHHIYKTHPYIOLIHX rgyrm SuQ
€ COGCTBEHHLIME CONpOTHBAGHHSMH Zgg B Zgg, MOMHO
COCTaBHTh TpeXJyyeByio cXeMmy mo puc. 3-23,6 (1).
Passeprupan conpoTupienue Zgg B TPEXMAyueBbie cxe™
MBL ¢ COOCTBEHHBIMU CONpOTUBICHUAMH Zgr5r U Zgriges (CO=

orTBeTcTBeEMO AnA uencdt /, 2 u §, 6), nonyyaem npome=
HKYTOUHYIO CXeMy no prc. 3=23, 0 (2). Paspopaqyusas fanee
CONPOTHBIEHHS Zgrgs» Zgrrgry, M Zgo B TPEXIyHEBHIE CXes
ML GBYX Dapan/eJbEbIX JIHEMA, 10oJyJaeM CXeMy 6O
puc. 3-23,6 (3). OGrennHenHeM SIEMEHTOB CXeMB 3amerie-
Hus no puc. 3-23,6 (3) noayyHM OXOHYATeNbNYI0 CXEMY IO
puc. 3-23,8, KOTOpafi, OLHAKO, CONEPHHT OTPHIATESIBHOE
<conporasnende (Zy5—Zs). Jna HCRIONEHMA yKa3aMHOro
OTPHUATEJBHOrO COHNPOTHBJIEHHS B cxeMe no puc. 3-23,8
3Be3ga COMPOTHBNEHME Zj3, —Zi3 ¥ —Z)3 YUYWTHIBaercs
B BHie ABYX Lenefi ¢ B3auUMHOH CBASLIO CONPOTUBJEHH-
em Zy; TIpk s1oM nomyyaeTcs CXema 3aMENIeHMs C B3aH-
MONHIYKGAPYIONlell CBN3LIO, HE COXEpIKalllas OTpHLaTesb-
®BX CONpOTHRMeHN!, NpHBefieHHAs Ha pHc. 3-23.2.
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Puc. 3-24. Yerlpe napannenbHbe KBYXLENHEE JHEMH C 06-
ulell TOYKGH € OZHOTO KOHLA; PACCTOSIHHA MEXIy CMexX-

- HbIMM JBYXNEOHBIMM JHHUSIMH DPHHUMAIOTCH  YCpejHeH-
HBIMH.

&2 — MCXCOHas cxeMa; 6 — NMpoMEKYTONHAS CXeMa SAMELLEHHR HY-
JieBoil NOCJIENOBATEALHOCTH; & — CXeMa SaMellenHs HyJebofl mocae-
NOBATEABHOCTH,

TpiMevaHnHe JA% onNDeneleHHN NEAPAMETDOB CXEMBI HCs
H01B3YVIOTCH COOTHOLIEHNS, NpHRefeHHHE Ha pHe. 3-15,6, npugem
CONPOTVRNEHns a’+d’ panHOll CXeMsl NMOAYY210TCA HE BRID
BAs conpoTHBACHAR 4+d, B KOTOPHIX MHCKIOUEHS! YNeHB Zy=Zy,

HU. Bocemb napannenbHbix nMHWM
¢ obuieit Toukol ¢ OAHOro KoHL3,
BbINONHEHHLIX B BHMAE HeTbipeXx
ABYXLIENHBIX AMHMA

1. Hcxopnas cxema fakHa Ha pAc. 3-24,¢. Ecam npu-
HATE YCPeAHEHHHC PpAaCCTOfHMA MeXAYy CMEeMHEMH JByX-
HEeNHLIMH JIMHMAMHE, TO MODXKHO COCTABUTR CXeMy 3aMerue-
HHSA HYJEBOH NOCIeflOBAaTeNbHOCTH Ha OCHOBAEHH CXEMH IO
puc. 3-15,6. Jlns BOSMOXHOCTH HCIIOJIB30OBAHNS [apaMeTpOB
cxeMHl o pHc. 3J15,6 B cxeMe mo pHe. 3-24,a npHHATA IAA
JBYXUenHbX JMHUH ByMepanus /—4, a ANf OfHHOYHLIX ne-
nefi nymepatus /-—VIII.

PaccMmaTpupas nBe lLenH Kampooit JIBYXUEnHoOM AHEEM
cXeMHl N0 pHC. 3-24,0 COBMECTHO, NOJYYaeM YeTHpe Tpyn-
e guiaf# /—4 ¢ cOGCTBeHHBIMM CONPOTHBJEHHAME Zy),
Zan, L3z 1 Zsa.

BHEEJIHS STH CDHPOTHBJ!&HHH H3 JNYy4Y€BBIX 5JieMeHTOB
cxeMH O pHC. 3-15,6, NOJiyyaeM NPOMEXYTOYHYIO CXeMy
samenicHnsl Ha puc. 3-24,6. Ilanee, pasBopauHBas colpo-
THBJEHHSL Z|;—Zgs B TPEXJyueBhle CXeMsl JBYX Napanienb-
HBIX JuHAA, DONMyuaeM OKOHUATENBbHYIO CXeMy 3aMelleHHS
no puc. 3-24,8.

2. Cregyer OTMETHTb, YTO B cXeMax puc. 3-22—3-24,
XapaKkTepH3YeMBIX TeM, YTO He Bee CONPOTHBJCHHA B3SAHMO-
HHIYKLMH HE3aBHCHMEL, RackafiHoe OTRMAIueHHe K. 3. HA
oMol M3 JIHHHH, a Takse OTKMOYeHHEe JIHHHH C ABYX CTO-
POH HMHTHPYETCA OTKJUOYEHHEM COOTBETCTBYIOIHX KOHLOB
BeTBH CXeMbl 3aMelleHHA, [O KoTOpOft HNpOTeKaeT TOK OT-
KJIoyaeMo#l JIMUMH, a OTRJIOYEHHE M 3a3eMJierHe ONHOH u3
NHHEA ¢ OGOHX KOHNOB MOMKET OCYIHECTBAATHCH HCKJIOYe-
HHEM 3a3eMJEHHOH JIMHHH H COCTaBJIGHHEM CXEeME!l 3aMellle-
HHS BHOBb JJ/1f H3MEHEHHHIX NapaMeTpoB JIHHHH (mpHao-
wenxe 3I1-6).

IlpreMp cocTaBjiennsi cxeM 3amellenHs HyJeBoil mo-
ClenOBATeNBHOCTH, MpHBegeHHHe Ha puc. 3-10—3-24 pasm
YHCNAa MAapajleJbHEIX JHHHH JO BOChM#, MOryT OBTh
HCHONb30BAHE JAf JAPYTHX YCAOBUEi B3aMMHOr0 PaClOJ0-
MeHHST NapaaleNbHBX MUHWH, He YYTeHHHX B CXeMax no
puc. 3-10—3-24. Xox pacyera TpH 3aMHEIKAHHA Ha 3eMJID
Ha OfiHOM. W3 NapaMIeAbHBIX JHEHH KJUNOCTPHPYeTCs NpH-
sepamu 3-1 H 3-2.

3.5. OCOBEHHOCTHM COCTAB/AEHMA CXEM
SAMELLEHUA HYJIEEOA NOCNELOBATENLHOCTH
NAPANSEABHLIX B3AMMOBIUAIOLIMX JIMHHA
C PACMPEQENEHHLIMMU NMAPAMETPAMM

A. [lse napannensHbie nKMHUM
6es obuwmx Touek no koxHuam [33, 3, 38]

1. Hrxe paccMaTpHBAIOTCA BOIPOCH COCTABJEHHS CXeM
3dMElEHNs] HYNEBOH NOCAef0BATeNbHOCTH CHMMETPHYHbLIX
Tpex(pasubiX napainenbHBIX JHHAA GoOABIUOH NpoTSHKEHHOC-
e (pyc. 3-25,0), Korfa JOMKHBL YUMTHBATBCA pacnpefic-
JieHHble AKTHBHEE H MUJYKTEBELIE CONPOTHBJEHHA K HO-
NepeyHHe eMKOCTH IHHKHE B OTJIHYHE OT NPHBELEHHHX BHILIE
CXEM B3aMelleHAs JANA KOPOTKHX JHHHA, KOTAa CYMTaeTcs
BOBMOMCHHIM TpereOpeub nomepeusoli eMKOCTbIO JHHHFL

CxeMbl SaMellRHMsi HYNEeBOfi NOCAEIOBATENBHOCTH C€O=
CTABNSIKTCA NPHMEHHTENBHO K Hanbojiee yacTo Berpeyaro-
WeMYCA Ha DPaKTHKE Cayyawd NapanneNbHLIX JHHHE ofHHA-
KOBOTO BHIIOJHEHHA. -

2. Ha ocunoparuu [33] ans apyx mapamiefbHBX JHAMR
€ pacnpeflefieHMEIMH TI2aDAMETPAM¥, HMEOWIHX OfHHaKOBOe
BHNONHeHHe !, BepHH ClEAYIOWHE YpaBHEHHS:

! Cxema samenieHHS HWyAenofl MOCAEHORATEALHOCTH HBYX NDa-
PanAnenbHEX JRaRE ¢ HeONNHAKOBRIMH . napaMeTpamu  GoabmoR
npoTamerHocTH Ges ofmux Touek Mo woHIaM Nama u [3].
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b= {T—er) FHEHEr) 3+
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+ o f) 5T '(';-'I‘*+ :qg) ‘f"; (6)
1 1 1 I, (3-11)

1‘12 _Al 1 3 1 Ag I,‘
+(ex 'c:") T (E‘T"'E;“) z-®
Koatpunuenrer 8 npasof wactn (3-11) onpepensiorcs:
CNEAYIOWHMH COOTHOIIEHHIMH:

Ay=chhkiy By==Z;shil,; C,=

1
:'ZT sh iyl (a)
Ap=chhyly By=~Zyshkly; Cy=
1
p—rpe sh by (6)
zZo-
7= klzom; ®)
55 (3-12)
=T,
b=V 0
R=VETE ()

Y =ZojwCo — Zyy yioCoypps (%)
o= znl-mco Imn— Zo.] [Ij‘ﬂco; (3)

Asl -—B,Cl-'-‘: l: Agg—BSCBﬂ 1; {H) )
THe yAenbHble napameTps! (Ha efMHALY JUHHE): Zj 1=
=Zn 11 n:zos:rq-ﬂjml.g—«conpomnenne HYAeBoH mocae-
LOBATeNLHOCTH OLHOH H3 JHHMA IPH OTCYTCTBHH Jipyrofi;
Zo 1 1=r u+joMg— conpoTuBNeHHe BSaWMOBHIYKLHH HY-
JIeBOH NOCACHOBATENLHOCTH  MEXAY ABYMSA  JAMHHSMHS
Co 1 1=Co 11 17==Cp — eMKOCTs HYJEBOR NOCAeAOBATENLHOC-
TH OfiHOH AMHHHM NPH 3a3eMACHHH BTOPOH JMHHH 1o Beefll
mnune; Coryr— B3aNMHAS €MKOCTh HYJeBoll NochegoBa-
TEAbHOCTH MEXKAY ABYMS JTHHUAMH.
B DpHEamKeHHHX pacyeTax IPH HEYUeTe aKTHBHBIX CO-
nporneiennfi runepCommueckne $YHKIRM MOKHO BLIPasHTh
Iégplegﬁf}rpmonomerpmecme tdynxumn, npuvem B (34122) u

A=coskly; B= jZsinkl,;

jsinkl,
Z .
Marpuira conpoTHB/EHEH YeTBepTOro NOPHALKA ypaBHe-
HEil (3-I'1) moxeT GHITL sanmiCaHa B CJAeLYIOlIeM BHJE:

C=

“Zu Zyy Z,3 Zy

Z — _za‘l zn zz.a z!; {3_13)
Zoy Ly Zy, Z,,
- Zﬂ zﬂ zﬂ ZM
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Puc. 3-25. [lpe mapafjefbHble JHHHR C PacrpefieleHHBIMH
napaMerpaMi Ges 06X TOYeK Mo KOHLLAM.

G — HCXOOHEs cxema; 6 -—CXeMa saMelleHHd HyLcRoH TochenoBa-
TENBHOCTH € SAEKTPHYECKHMH CBRSHMH MEMAY BCEMH SJeMEHTAMH;
6 — CXeMa SaMelleHHd HyJepofl oCHeIcBATENLHOCTH NPH COXpaHe-
HHH SnexTpoMartmTHnix caszelt (k=l, f=n).

Mpumeyaunpn 1. Jlapamerpw cXeMHl 3&MCUCHHH 0O
pHe. 3-20.6 onpesenswTea Wo (3-16) © ycnoanageaneem (3-14).
fég?pammu Cxembl AaMellleHif N0 pHC. 3-23,6 OMpenennicTCA N0

rfie, ¢ yyetom (3-12a) m (3-126)

A A 1 ]
Iy=Zy=12y=2y~ f:—‘l"(_j:") i

1 chkl, ch kgl L
—9 (Za sh Ryl +Zy -Sh_kn—fn)’
A A\ 1
Zyy=Zn=2,,=2,4— (a_'c_':") g
1 7 ch &yl z chkl, i
=g ( b shkl, ™ “?shkdy )?

| 1 . (3-14)

1
Zyy == Zyy==2g,=Zyy = (z?:-lmﬂ'_, %

[

Lof.ta ..t ),
. i shk,i,.‘i‘shk,,:n)'

1 1 1
ly=Z2y=Ly=Lu= (Ts_ﬁ) o=

l Zb 2a

T 2 \shkily shkl) )

8. 3ajannniM ypasrennaM {3-11) yaoBaersopsier 9KBH-
BAJIEHTHAA CXeMa 3aMelleHHs 'HYJIEBOﬁ mocllefOBaTeILHOCTH
¢ nATHI0 (PHKCHPOBAHHEIMM ToukaMu (Ha puc, 3-25,a TOUKH
1—4 u semns), cofepikauas B cooTBeTcTBNY ¢ (3-11) fle-
CRTb BeTBeil aHalloTMuHO CXeMe samMelleHMsT no pHC. 3-15,6.
Hexons H8 pacueTHeIX BLIDAXKEHHH, NPHBEIEHHLIX Ha
puc. 3-15,6, Ha ocroBanmH cooTHowesmit (3-14) ompenens-
I0TCsT TapaMeTphl CXeMpl 3amellleHns 0o puc, 3-25,6



{C SNCKTPHYECKHMY CBS35IMM) IAH IBYX NapalllelbHBX JH-
#iHil Ges OOIHX TOYEK IO KOHIAM:

n==fu=Lyp—Zyy; )

b=m=2n=2 (2, — Z,);

=9 (Zu_‘zn‘ (ZI.!_zli).
Zys— Ly 4

Zyst Zyy
2

l
(8-15)

2== *
a'==d= z“._'zlg_zla'i— ZM.:

b=c=2,+Zis—Z3—Zyy. |

TMNonyveunast cxeMa 3aMellleHMs HyJNeBO#l IocherOBa-
TenbHOCTH  (puc.  3-25,6) Mmoxer GHTB HCOOAB3QBAEHA
B NpaKTHYeCKHX pac'ze'réx TOKOB 3aMBIKAUHA Ha 3eMI
HA JaNbHHX 3JeKTponepesadax.

Opnako, NOCKOABLKY 4HUCIOQ PA3JHUAIOLIHXCH SIEMEHTOR
B Matpuie (3-13) meuvuie, veM no (3-4a), NpencTaBAAETCH
BO3MOZEHEIM TIPHMEHATE JJist paccMaTpHBaeMOro cayyas
CXeMy SaMelleHHs, COJiepiKa MeHbIC BeTBelt, ueM
B CXeMe samelllenus mo pue. 3-25,6 (Hanpumep, NpH HCKIIO-
4YeHHH #3 CXeMBl HO0 pHC. 3-25.6 BeTBH p).

4. Ins pacuetor ¢ momompero DBM mo mporpamwe,
B KOTOpOH BSaUMOMEIYKONS MeXAy nNapajfieNbHEME JH-
HHAMH YYHTBIBAETCS 110 BBEZEHHEIM B MallHRYy HapameTpam
Jupaud (BanpeMep, no nmporpamme [17]), 6osee uemecoo6-
pasHC TpHMeHeHHe OTHOCHTEJBHO MPOCTOR CXeMul aamelle-
HHf [0 pHe, 3-25,8, B KOTOPON COXDaHSIOTCSA B3aHMHEIE
CBAISE MEXZY NapannepHbiMe JupeaMa [27]. TMokaxewm,
YTO CXeMa 3aMellleHHf, OpeicTaBJennas Ha puc. 3-25,8 M
Cofepaillas BsaHMMEIe WHIVKTHBHBIE CBf3H, VAORJIETBO-
paet (3-11).

KovGrenpys unens (3-11), mnocae COOTBETCTBYIOLIHX
mpeoGpasosanufi npH yyere (3-14) moayvaem:

{?1 =(z,,,—z,,)],+(z,, —Z,) -fs I
+ (2 — 2 U+ 1) + Zu U+ L+
+fs+1f¢]:znji‘{":zﬁfz+zz (f1+is}+

+zslf1+!1+fx ’["—L}i s

ﬁe=(z1a"“‘zu)11+(zu—" 13)!2-}-
+ (Zla—zm) (f2+i4} _i_zlﬁ{jl +1=+
&= fa“}‘ f,]:ZMI,. o ZJ,+Z= {je+f4)_ﬂ‘|“

+Z Ui+ L I+ 1) {
i Gs=:tzu = Zu}jz F(Zye — Z14) f;"‘
"E“‘{z:la""‘zu) (f: ‘F‘Ia}"‘zuul +!u“|"
Hlot 1) =Zid ot 2ol A Zy (1 1) -+
-}-Zaff, +fs+13+fq}i

U-l =(Zy; — Zy5) I& +(Z, —Zy,) !s +
F(Zy—2Z30) TaHl) + Zoo (0o - Lo 1t

‘]“!4]:211'44' zI\F]a-}"ZS Us +14}+

+Z L+ Lo AT 1) J

(3-16)

Ha (3-16) mumuo, uro cxema mo pue. 3-25,6 ¢ swex-
TPOMArHHTHOR CRHSLI0 MEXAY JHEHNME [—3 B 2—4 exemu
no puc. 3-25,¢ ypoeleropsier (3<11), IpHYeM coNpoTHBIe-
HHH SJIEMEHTOB CXeMHl 3aMelUeHHsl Onpefensiorcs Kos(wbm<
npentamn (3-11) npr ysere (3-14) caenyioumm ofpasoM:

b=l=f =2, —Zi3— ]
1 kyl ksl
=5 (Zath "2" ..]..ZB‘I:{I—Q—I;);
Zg
f=n=2,=1,y—Zlvw="gp1>+

L (3-17)

I % Z: )\
P:zszzi‘:_ﬁ'(snkatn shk.t,,)'
me=Zys=Zyg—Zyy=

! Kl byl
ﬂ‘_2" (zsth—z_'——z,;;th"i')t

Cpapuppas cxeMy mo puc. 3-25,86 ¢ napameTpaMy Iio
(3-17) co cxemofi no pre. 3-25,6 ¢ napaMerpaMy nO
(3-15), MOmxHO BHIETh, YTO IepBas H3 HHX Ipouie H efi
CeAyeT OTHATH NpeflNOYTeHHe [pH pacyerax Ha DBM.

E. [pe napannentHele nuHuM
C oBLMMKM TOYUKAMM € OHOTO
M ¢ oboux KoHLOa

1. lNapannenchele JIHHHE € pacupele/eHHEIMH nNapame-
TpaMK OIHMHAKOBOIO BBIIOJHMEHHS, COelHHeHHEE HA OIHOM
kouue (puc. 3-26,a (f)), xapaKrepusylorca YeTHpPEMA (uK-
CHPOBAHHEEIME TouKaMu (Toukm [, 8, 4 W semusa) H ©OOT-
BETCTBEHHO TPEeMs YDaBHeRHfMH CBA3H MeXIy Hanpske-
HHAMH H TOKaMH (BMecTo ueThipex (3-11) mua cayuas o1-
cyTeTBHA OOLIAX TOYeK 0 KOHIIaM).

VpasueHust ZJA paccMaTPHBAEMOrQ CJy4Yas, coOTBer-
cTRyIOIIHe cxeMe ro puc, 3-26,¢ (1), MOryT ObiTE nOAyye-
HH Tipeo6pascorauueM ypaBrenwit (3411) mpu yuere (3-14)
H ClIegyRouimnx COOTHDU.!EH‘Hf{, XﬁpaKTEPHEBYIOHLHX cxem'y no
pHc. 3-26,a (1):

Uy=[}l=(}g: 3.18
Ipn="r+1 | {218}
J U'..r U;_,r
L 7 2t
z I | .
Tk icessin ¥ Iy
vp 2 (1) L H )
7 e’ al b
c
a 7" f"
3 o &)
z _.</ oy B L
\ —o03
£ \ £ b
4) =—0% e 2

Puc. 3-26, Jlge napasiensHsie JHHHH OZHHEKOBOTO BHIIOJ-
HeHHs ¢ pacrpe/iefieHHEIME NapamMerpamMu ¢ olIlUMHE TOUKS-
‘MH € OLHOTO M OGOHMX KOMIIOR.

@ — HCXOOHEIE CX8MEl; O — NPOMEKYTOYHAS CXeMa SIMEleHusl Hy-
neBoR MOCNENOBATENBHOCTH; B — CXEMa SaMeu[eHus Hynepoll mocae-
ROBATE BHOCTH JAAst MeXogHoli cxemm no pue. 3-26,0 (f); 2— cxe-
Ma 3amMenlelHs HyJnesofi DoCaeZoBaTeBHOCTH IS WCXOOHOM cxeMnt
no prec. 3-26a (2).

Hfuueqannx: [. Tlapamerpsl cCxeMBl SEMELlEHHA MO
puc. 3-26,6 ompemensiorea no (3-25). 2. Ilapamerpul Cxémm 2ame-
IeHEs no pHe. 3-26,2 onmpeneasotcs mo (3-28a).
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IpencraBum (3-118) M (3-11r) B BHOE:
0.=;,,—é~; (1.+f=)+—21T’(i,hfg)+
+(£%+f% %’-i— (é:——é#) »%—; (3-19)
0.=-§é;~m+!.}—-2-1(7(f.-—i.1 +

Hceknmoume ns (3-19) 1 (3-20) énammc'rb ToroB [—lg,
onpenensemyio #s (3-11a) u (3-116) npu yuere (3-12) u
cnoxkuB (3-11a) wm (3-116), nonyumM TpH ypaBHeHu#, CO-
OTBETCTBYIOIUIHE MCXOJHOM cxeme mo pHC. 3-26,a ([),
B BHpE:

(3-20)

_ 1 1
U= ge lu+—5e7 1+ 57 s (@

1 A B\ 1
Umg; o+ (o +ay) 5+

A, B\ [
—}—(Ef""‘x:-) -":2!-; (6) } (3-21)
; 1 A B 74
U.¢.='_2'_C-T[1.P+ ('c‘_:"_'sz") T"""
A B\ I,
tata)s o)

MaTtpuiia CONPOTHBAEHN] TPeThEr0 NOPAKKA ypaBHeHHM
(3-21) umeer BuA:

Zyne Zirg Zyog
Z=| Zar Zas Zu (3-22)
AT Zya Zy
roe ¢ yuetrom (3-12a) n (8-126):
A Z ' )
z]rp =§.C%"__"-_%" C'lh k!!ﬂ;
- 1 Z
Zyrg==Zysy =25 = 1y, =T2C; 2shky,’
1 B A
Zy=Ly="5" (f-l—é -
A (3-23)
=T (Zg th kyln -+ Zp cth Roly);
1 (4 B,
Zy=Z2p3="g5" (Cs A

l .
=5~ (Zpcth kaln — Zg th kyly).

2. Cxema samellenusi, cooTBercTRyiowas (3-21), xa-
PAKTepH3YETCH 4YeTHIPbMA (PHKCHPOBAHMHIMM TouKamM (Ha
puc. 3-26,a (f) Touxu V, 3, 4 u seMan) H, CNelOBATEJBHO,
MOXeT GHTbL HCNONL30B2ZHA CXeMa  3aMellleHHS 1o
pue. 3-12,6, conepixaiasi cemb BerBeil.

Opnake B cBasu ¢ TeM, uto xoabduupenrwr (3-21)
CBfA3aHBl coOoTHOmenuamMu (3-23), moer OHITE cocTaBAEHA
cxeMa 3aMelllelHs, COflepaKaman Beero naTe BeTeedl. JleficT-

94

BMTEIBHO, B JAHHOM Clyuae ¢ yuerom (3-23) conpoTuBJie-
Hue BeTBH J cxemul mno puc. 3-12,6 pasno (c yueTom paa-
NMNMA B HyMepalMH  BXOJOB CXeMul prc. 3-12a W

3-26,a (1)): ]
(Z“ ‘i“ ‘ZI’B) n,lzl‘s - zl’i) 0

— ==

- Zyg

310 OGCTOATENLCTBG MO3BOJSET [PHBECTH CXeMy IO
puc. 3-12,6 ® BUAY NPOMEIKYTOYHOR CXEMEI 3aMelleHHs M0
puc. 3-26,6, CONpOTHBAEHHA BeTBell KOTOPOH PAaBHH:

a=2~m;—-zu: 1
b=c"—'_zss—‘zu; |
Z’u"'z?l'S "

¥

B (3-24)

Zysg
f=zu + Zlfa- )

JampelimmuMu  ynpowmenssiva  (npeoOpasoBakHeM Tpe-
yronesHHKa B 3Be3ny, oObeflHHEHHeM MOCJe0BaTeNLHO
BKJ/IIOYeHHBIX BeTBeil) cxema puc. 3-26,6 NPUBOOHTCH OKOH-
9areibHO K cxeMe samemlemust no puc. 3-26,8, KoTopas 1
MOzeT OBITh HCNOAb30BAHA JJIS JIBYX JHHHN ¢ ofmel Tou-
Koit ¢ ommoro xonua. Conporublienssi BeTBelt 5TOH cXeMmb
¢ yuetoM (3-23) paBhum:

7 1 7 o i
a' = ‘,I,—Z,.sz—g—cthkzln—-ﬁ——- :L—,ﬂ
Zy . Ralg
T

b=g=2Zy —Z, = Z, th kI,

1
d = Z“— 21,3 == ‘-'2— (Zb. cth kal‘u ] (3-25,
Zy
— )—zn thk,l, =

sh &yl
1 il
- (za th—5—" — Z, th kl.!_,,);

Z
f'zzlr3=ﬁk_:};.

3. Hna ABYX napaJdieNbHeX NHEER ¢ OGIIMMH TOYKAME
¢ 0GOHX KoHUoB Hcxomum us (3-21), B KOTOPHX B coOT-
BETCTBHH C pHc. 3-26,¢ (2) mpHEHMaeTcs:

L"’?l == ﬁs = [}4;
itttk (3-26)
Ipn stom (3-21a) npusopuTCH X BHAY:
A, 1 ;
Upmé—a;fl,-!—z—q-f?. (3-27)
Croxensiem (3-216) n (3-21B) moayusm:
- 1 Aa
Upr =3¢, 1 + 3¢, Lo (3-28)
Cxema 3aMeLIcHHA, YNOBJETBOPAIOLIAR 327) =m

(3-28), umeer Buj sBesfw M nawa Ha puc. 3-262 [lapa-
METPHI STOH CXeMBl:
.t 1 5 Zs
A R " 7

3

2kl .
=3 th—3"; (3-282}




Cxema 3aMemsenus no pxc, 3-26,2 Moxer GHTh TaKxe
nonyvena mpeoGpasoBanHeM cXemp Mo puc. 3-26,6 npH
obbeauHenHs B Hefi Touexk 8 H 4.

4, Cxemy! samellenusi no puc. 3-25,6 u & Moryr OuiTh
HCMOML3OBAHK M JAns Asyx Auuull ¢ obwefl Touxol ¢ onHO-
I'0 ¥ ¢ ABYX KOHIOB NpH Yyc10BHH OObeAHNeHuS COOTBET-
CTBEHHO TO4EK ¢ oppofi cropods: ({ W 2 nau 3 u 4) H TO-
uek ¢ 00eHx CTOPOH ABYX Juuuii B 3TOH CXeMe 3aMellieHHA.

B. ¥npouieHHble CXEMbl 3ameLLeHHA
HYNEBOW NOCNEe[oBaTeNbHOCTH ANA [BYX
M TPEX AHHHWHA

1. Ipusenennre Beme B 1. A, B cxemm samemesus
HyNleBOA HOCTeAOBATENbHOCTH NBYX JAHHHA XapaKTepHSYIOT-
cA MapaMeTpaMH, COAEPXKalUMME IRiepConnteckHe QyHKIMH
€ KOMIJIGKCHEMHE apTYMeHTaMH H OCTATOUHO CJIOMKHEL

B ynpowmeHHHX pacyerax HONYCTHMO ONpefieNsiTh ma-
paMeTph CXeM SAMEIICHHST C H3DECTHLM npubmmxenvem,
YUBTHBAS BMECTo THNepOOMMIecKHX (YHKIHH nepBbie Hie-
Hh HX Pasnoxends B crenennodt psm no (2-169). B stom
cllyuse napaMeTphl CXeM 3aMellleRHus onpenesioTcs Hawubo-
JIEE TIPOCTO NPH NPHHATHE BMECTO THIepOOMHUECKHX CHHYCa
B Kocuuyca uX rpybo npuGuikensse sHavedus no (2-170).
Ilpn 9T0M NapajiesbEne JHWHE GOMBIIOH NPOTIIKEHHOCTH
RO AHAJOTHH C OAHMHOYHHIMM JHMHHSMA GOJbmON HPOTAMEH-
noctu (cm. § 2-7) MmoryT paccMaTpHBaTLCA B BHfle 1eNO-

° 9e4yHOH CXeMH CO 3BeHAbfiMH, COOTBETCTBYHIUHMH OTHENb-

acTkaM TmaHEH xounofi 150—250 kM [46].
HKe TPHBEJAEHH YNPOICHHBIE CXEMB 3aMelleHHs
HABYX THIIOB:

NoJyyYeHHHe HeloCpelCTBeHHO H3 COOTHOUIEHWHA mAs
DpuBefieHHEX Ha pe. 3-25 B 3-26 TOUMBIX CXeM NpH yve-
76 (2-170);

NONYyYeHUBIE US YAEIBHHX NPOAOALHHX CONPOTHBAEHHT
H uonepeYAHX eMKOCTell JI  3JeMeHTAPHOrO ygacTKa
(c exumryHOR AJHHON) yMHOMKEHHeM HX Ha AMWMAY
yuacTka B cooreercTBun ¢ (2-170); cxemsi 3TOro THNA JaHb
s obniero cliyuas, Korga Napanfienbhsie JIAHAN HeofHHA~
KOBHL.
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Puc. 3-27. ¥npolweHasie CXeMH 3aMEIieHHs HyJeBo# IMo-
C/IEACBATENBHOCTH JIBYX NapajjefbHBIX JIMHHI C pacnpefe-
AeHHBIMH TapaMeTpaMi €ea OGINX TOYEK 5O KOELAM.

@ — CX€Ma SaMelleHMH, COOTRETCTHYL@A® CxeMe mo puc. $-256
mpH yuere (2-170): 6 — cxema SaMellekHs, COCTEBAEHHAR MCXOLH
M3 YIeNLHBIX NMapaMerpos niHmH.
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f bz- I 'y 3
L e 3 = — —amt
i Is.
: Zom Loz,
7. A [T g L
2 il 55| T ol ¥
e " -} T
I, T I = 1,
o0t J@ (G Gopg) by
{ ( [ )
2) Zjealg\EiCop  Lo*Corn -
1 =, Loty g
b il T1 U T T RIS
= je 166y E""r oty jweggl, e
© o i_-t.......l—' o
€ ex o] z Al g -
J@lty byl J g s ] Pl Gl Jleggy o)
- - E) - =
1 I - 3
B ) Sy —d ¥ = -G
i L 4 [
I Lo ol ___zcru “23‘ 7 L
. _;’111 I, J@lyy by ; -—z?‘—’--zx
j! Zopn _é_!' I Zom 2&
E-—-— "1 ‘_.m-lll -:- Q
2 ! Iy ¥

—ed O SR
’ JCGa55 Lorm) "'xﬂ o Q S g Lop) bn

-

Prc. 3-28. Vnpomesnbie cXeMbl SaMeIleHHs Hynenoii no-
ClreNOBATE/IBHOCTH JIBYX NAapajlleibHuIX JIMREHA C pacnpene-
neHHKIME napaMerpaMH Ges ofupX TOweX MO KOHUaM NPk
COXpaHeHHH SJEKTPOMarHMTHEIX CBsi3efl MEWIy JIMHHSMA.
@ — CcXeMa 3aMeIleHHS, COCTBETCTEYKNlas] exeme no puc. 3-258 npu
yaere (2-170); 6 — Il-cxema SamcUIeHHM, COCTABIEHHEaR HCXOAR H3
YIoeabHEBIX DapamMerpos JMHAN; 6 — T-cxema samMeliedHs, COCTABRJICH-
H&® MCXOES H3 YHENARHEIZ NMapaMerpos JHHHH.

2. Ha punc. 3-27.0 Jpapa cXemMa SaMelleHHsi HYJeBOk
MOCAENOBATENBHOCTH JBYX NApalftelpuux Juuuit 6es o6BX
Touek N0 KOHIaM, COOTBETCTEBYIOLIAs TOYHOR CcxeMe o
puc. 3-25,6. Dra cxeMa noayueHa OpH ydere NpHOITHXKeH-
HEIX cooTHOWenuH (2-170) HenocpelCTReHHO B PACUETHHIX
Bhipamennax (3-16). B npanoxennn 3I1-8 man BHBOR pac-
UeTHHIX BBIPAMEHHH LIS NapaMerpoB 3Tol CxeMml

Vnpolllensan CXeMa SaMElIeHHs JPYroTo BHAA AJSA TEX
e ycqopull maHa Wa puc. 3-27,6; cxeMa cCOCTaBJieHa HCXO-
AR H3 YAeNbHHX NapaMeTpOB JIHHHH.

CobcrBeEne M B3aHMHEE HHIYKTHBHHE COOPOTHBIE-~
HHfl CXeMbl OTPAXKeHbl B cXeMe no puc. 3-27,6 nolHuM de-
ThipexyroneHakom (puc. 3I1-3,a). Ilpm 3TOM eMKOCTHHE
CONPOTHBJEHRS BKIIOUEHH C OOOHMX KOHUOB Jumufi no Il-
cxeme (puc. 2-32,8). Cxema zamemlenus, npefcTaBieHHaR
Ha puc. 3-27,6, conepmuT nBeHanlatTh IMeMeHTOB, HO Ny-
TeM OObeiHHEHHS CONMPOTHBJIEHHE, NapalyesbHO- BRIKUeH-
HHX MeXZy o0euMM JHHHUSIMH, MOIKHO CBeCTH MHCI0 3Jje-
MEHTOB CXEeMH [0 JAeCATH.

Cxema no puc. 3-27,6 Moxer 6HThL BHIOJHEHA ¢ BKJIO-
YeHHeM eMKOCTHHIX CONPOTHMBJNEHME B CpelHeH vYacTH cXe-
MH, 4 He IO KOHIAM, OBHAKO UHCJO DBeTBefl cXeMB! 3aMe-
WEHHA NPH STOM YBCJIHUYHBAETCH.

Cpaeuupas JBe NpHBefieWWble CXeMb{ Ui NHNHE Ges
oOWHX TOYEK IO KOHIAM, MOMKHO OTMETHTh, UTO cXeMa IIo
puc. 3-27,0 Gonee mpocra H Jyume O0OCHOBaHA, NOSTOMY
eil cnefyer OTnaTL npenrodTeHue,

3. Ha pne. 3-28,n pmana cxema 3saMmellledHs HyJeBoit
NOCASAOBATEIBHOCTH ABYX NapaileNbHEX JUHHA C pacnpe-
HeleHHEMU napaMeTpamu es oBuMX TOYeK no KOHIaM AJs
cryuasi, KOTJla COXpaHeHa SJEKTPOMATHHTHAS CBH3L MEXAY
JIHAUAMH, COOTBETCTBYIOUIAS TOYHO# cxeMe Mo pHc. 3-25.8;
8T4 CXeMa MoJdyueHa NpH ydeTe NPHONHIKEHHLIX COOTHOMIE-
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mnit (2-170) HEnocpeACTBEHHO B pPacuYeTHHX BHPAaMEHHAX
(8-17). B npunoxennn 3I1-8 nan BHIBOA PACUETHHIX BHIpa-
IKeHUH 1JIs MapaMeTpoB STOH CXeMbl.

Ha pue. 3-28,6 u & panu I1- # T-cxemsl, cocTaniel-
HbE JJIs yyacTKa [BYX napaisiefbHEX JHHER A7 TCX XKe
YCAOBHE, HCXO[S M3 YAeNbHHIX TApAMETPOB JHHHN. EMKko-
CTHHIE CONPOTHBJIENHF BKIIOYEHL COOTBETCTBEHHO C ofoux
KOMLIOB JMHEME M B CepefjuHHe JHHNME 1O CcxeMaM
puc. 2-25,6 n a.

Jns ABYX DapanjiebHEX JHEHE OAHHAKOBOIO BHINOJ-
HEHHs1 CXema Tio puc. 3-28,0 Momer 6BITH NOJyueHA M3
cxeMul 1o puc. 3-28,8 npeoGpasoBaHHeM B NOCHeNEed Tpe-
YroJbHHKA eMEKOCTHHIX CONPOTHBJAEHH{I B 3Besny.

CxeMH 8aMEIEHHR HYJEBOH TOCNEIOBATENBEHOCTH D
pre. 3-28,a—8 ynolum ans pacueror Ha SBM, korza na
PaMeTpHl CXeM 3aMeIlEHHA € COXPAaHeHHBIMH SJEKTpoMar-
HHTHEIMH CB3SME  DaCCHUTHIBAKTCH ABTOMATHYGCKH TIO
BBOJHMBLIM B MAUIHHY HCXORHLIM IaHHKIM.

Cxema mo puc. 3-28,6 B psaje cayuaen MomeT OLITD
YOPOIUEHA 38 cYeT MCKNIOYenHsl B3AHMHBIX CONPOTHBJEHHEH
(Zox udaf2), a muMeHHO TOrfa, Korja NOpeiCTABAsETCS
BO3MOJKHEIM HCMOJNB30BATE SasemJfeHHne HelTpaJud TpPaHC-
(hopMaTOPOB TIPUMBIKAIOILHX CHCTEM ANA NONyuenus obniux
TOYEK BHE PACCMATPHBAEMHX TapalfieibHLIX JHEHEA (§no
apajioru¥ c puc. 3-10,8 w e}, .

4. Ilna yyacTka ABYX NapaileNbHLIX JEEHE ¢ oOlef
TOYKOH C OJBOrO KOHIA Ha puc. 3-29,0 mana ynponlennas
cXeMa 3aMellleHHs, NoJlyyeHHas H3 TOYHOH CXeMul Mo
puc. 3-26,86 Dpu yueTe menocpexcrBeHHo B (3-25) nprEim-
HEHHBX cooTHOUTRHUY (2-170).

Jas pacomartprBaemoro ciyuas Ha prc. 3-29,6 npese-
JeHa CxeMa SaMellleHusl JPYTOTO BHJAE, TOAYYERHas HCXOAs
H3 YJeNRHEIX NapamerpoB Jrmef. TlpoponbHte compoTus-
JICHHA MPEAICTABNEHs Cxemoll saMelleHns IBYX Japanielb-
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Puc. 3-29. ¥npowennbie cXeMk! SaMelllenus HyJeBo#l mocie-
HLOBATENLHOCTH JIBYX TNapaiyeskHbIX JHHHE C pacnpeaeneH-
HEIMH TapaMeTpaMu ¢ OOI[HME TOUKaMH € ORHOIO HIH
000KX KOHLICB JNHHHH.

a—cxeMa 3aMemeHHs JHHEN ¢ ofmeR Touofi € cnHoro KowHua,
COOTRETCTREVIOIAA CXewme no pec. 3-26,6 npe yuere (2-170); 6 —
cxema’ 3gmewmenuy JHHEl © ofmel ToyKoN € OAHOID KOHLGE, Co-
CTABJEHHAR HCXOAY HS YASIbHLIX [apaMeTpos JHHHH; € — cxema
SAMel[eHHs MuHEE ¢ ofmEMH TOYKEAME ¢ OOCHX KCHNOB, COOTBET-
CTRyIOIIZR Cxeme Mo puc, 3-26,6 nmpu yuere (2-170).
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Pue. 3-30. YopollenHre CXeME! 8aMCLISHHE HYJeBOH [oche-
J[IOB2TEJIBHOCTH TpPeX HapailiesbHbIX JHHHH C pacnpejfeex-
HEIMH TlapaMeTpaMH,

¢ — cxeMa SameueHHEs JHEHA Ge3 cOmux To49eéK nc KOEMaM;
cxema samMelleHus aHHHE ¢ obzelt Toukofi ¢ oOHoro KoHUa.

& —

noIx JuHHA ¢ ofulelt TOYKOH ¢ OAHOTO KOHIA B BHAE 3BE3NBl
(puc. 3-10,6). EMKOCTHHE COTPOTHBJICHHS BRJIIOUERH ¢ 000-
HX KOHIOB JIMEUD, MpHYeM cO CTOPOHH OOINero KOHIA eMKo-
CTHOE COTPOTHENEHHE, BEMOUEHHOE MEXAY JBYMA JHHASIMA
2
i oCornln
ofe JHMHEHH XapakTEpHEsylOTCs OOWHM wanpsxenneMm Us.
Cpapnenas cxemu no puc. 3-20,0 u 6, MoxHO yGenuthbes,
yTO mepsas us muX CGojree IPOCTA.

5. Jlns cioyuas ABYS TapanneNbHux JimHpfl © ofmymu
TOUKaMH ¢ 000OHX KOHLOB B3aMeH TOYHOH CXeMHW 3ameile-
uusi.no puc. 3-26,2 MoxeT OHITHL CoCTaBieHa YIEDOLIEHHAS
cxeMa saMellenva no pHC. 3-29.8, ecim HeNOCpEHCTBEHEO
B (3-28a) yuects (2-170}.

6. Ilpu Tpex mapaaiensHHX JIHHEAX € pacmpene/eHHbl-
GOJNBINOH CACIKHOCTH TOUHOTQ pe-
LIeHHA 3a0aYH SBJAAETCA aKTYaJBHEIM COCTaBlieHHe ynpo-
IIEHHHX CXeM SaMelleHdsl HyJeBoll mochesoBaTeNbHOCTH.

Ha puc. 3-30,0 pana cxema saMeluenus Jfis y4acrtka
Tpex TapajJeNbEbX JHHHE C HEONWHAKOBHMH NapaMerpa-
MH DPH OTCYTCTEHH ODIMX Toyek ¢ obomx xomuon, Cxema
COCTABNEHA MO W3BECTHHIM YIEJLHEIM Uapamerpam jaauil
B NPEeANoNoIKenHH mxpaneuua B CxelMe 3aMelleHHs 3JeK-
TPOMArHUTHHIX CcBfsell. EMKOCTHLEE CONPOTHBAEHUS, BKIIO-
YEHHLIE B CepeIHHE YIaCTKa, ONPEeJiesieHbl HCXOAA M8 COOT-
wourennii § 2-6.

7. CxeMa saMEILEHHH JJs yyacTKa Tpex NapaiielbHbX
JuEuft NpH yamauud oOI(ell TOYKH C OMHOTO .KOHMLA [aua
Iiis chyuas HEOJHHAKOBOIO BEITOJHEHMA JMHHH HA DHC.
3-30,6. Cxema CoCT#BJEH&, MCXONSA HS COOTHOWEHAH s
YEEJTBHWX TI2PAMETPOB JHHHH B DIPEINOJIONKEHWH, UTO BCe
NeMEeHTH CXeMBl cOefuuHENnl MexAy cofoll siexTpHYecKH,

), HCKJIOYEEeTCs], MOCKOMBKY € O7T0r0 HOHIa



MHnyKTHBHEIE CONPOTUBNEHHST CXEMEI AMPEnCTaBAEHBl TXe-
MOlt ISl TPeX mapailienbHuX amini 1o pee. 3-12,6. Emixo-
CTHBEIE COTIPOTHBNEHUS BKJIOYEHbl TI0 COOMM KOHIIAM CXEMbI
SaMeIleHHS, KCXOAA H3 CoOTHOWEHHA § 2-6, mpHyem co
CTOPOHBL ODULEr0 KOHIlA CXeMBI €MKOCTHGIE COMpOTHRIEHHSI,
BRJIOUEHHBIE MeXAY NHEHAMH (p, S, ), HCKJAIOYarTCs,
4 CONPOTHBNGHEA &, M M 1 BKAIOYAIOTCH MapPaeNbHo, 1o-
CKOABKY € 3TOTO KOHIA BCe TPH JHHHH XaPaKTepH3YIOTCA
obmuM Hanpsoxedpem U'y,.

8. HeoOxomumo OTMETHTB, UYTC CXEMBl SaMELIEHHS,
B KOTOpHIX coxpausiorTcHd 0034 KoOHHA kamuoll us mnapan-
neabHeIX qmpul (em. pee. 3-25, 3-27 m 3-28), umer 70
MPeHMYUECTBO, YTO B HHX JIErKO OCYIIECTBANIOTCH PEHMMEL
OTKJOUERHSI OmHOK H3 nuuulil ¢ opHOro mMAM of6OHX KOH-
OB, & TaIK)KE OTKJIONEHHS M 3aseMJEHHS ORHOH JHHMM
¢ 0O0MX KOHIlOB.

9. Ilpuseneknbie Bbile YNPOUIEHHBIE CXEMBl 3aMenie-
Hufl HYn€BOK TOCAC/OBATENBHOCTH SHAYHTENBHO GoNee Ipo-
CTbi, YeM COOTBETCTBYIOUIHE TOMHELIE CXeMbl 3AMEIeHHs ¢ I'H-
nepbommeckumy Gyrriusmu. OgHako BMecTe ¢ TeM Hado
HMETb B BHAY, YTO JJA AuHAR GOJBLIOH 11pOTSIKEHHOCTH
LeMHasd CXeMA JIOMIKHA COREPIKaTh GOJBLIOE YHCAQ YYacT-
KOB, @ 3HauuT, TpeGyercs MHOTOKPATHOE NOBTOPEHHE YIpo-
IIEHHBIX CXEM, BEDHBIX TONBKO JUIA KANIOTO 3 YYACTKOB
. amenpit (momso#i nopsaaka 150—250 kM),

10. B mpuaoxkennr 311-0 BriBejeHsr cOOTHOMIEHHS, ToO-
JSBOJSIOUINE B COOTBeTCTBHMH ¢ (2-172) cocraBasTh ympo-
LleHpEle CXeMBl 3aMelllgHHs] HYJIEBOH IOC/eN0BATEALHOCTH
napayyiesbHBIE JIMHUK NPH yyere OONbIUETO. YHACHA. Y/IEHOB
pasnoxenns B pAx  runepGoymyeckyx OyExuMl, uem
B (2-170). Tlpn stoM, nexons M3 cXem mo puc. 3-25 u 3-26,
MOXCHO IIONIYYHTB CXeMbl 3aMeulenna Oosiee TOYHBIE, uyeM
cxembl 3amellennsa 1o pHe. 3-27,a, 3-28a n 3-29a n e.
TlpumeHeRHe T2aKHX YTOUHEHHBIX CX€M BOSMOMXHO JJIS yua-
CTKOB JBHMH IyMHOM TipuMepHo 400—500 ®m.

OnpeneneHEe mapaMeTPOB CXeM 3aMELEHHS HYJIEB0H
NoCAeNOBATENbHOCTH AN ABYX NapaJuelibiblx aukpit 500 xB
pa3miuUHBIMH COCOGAMH H CpaBHEHHE PE3YNLTATOR NAHBI
B Tipumepe 3-3.

3-6. NPMMEPBI PACYETOB

Tpumep 3-1. [lna deTkpex napanienbHeIX ORHOUEN-
HEIX Amspit nepesaun 220 xB anunoit 160 xm (puc. 3-31),
napaMeTPbl XKOTOpHIA (Ha €nHHHUY LJHEBI JMHHW) DacCyM-
Talel B OpuMepe 2-3, OMpeneNuTE TOKH Hynesoft nocaefno-
BaTeNBHOCTH WIpH  opHOo(asHoM saMblKaHMH Ha  3eMIl
B Toure K.

Pacuer BLHINOJHSETCH C HCINONB3OBAHHEM CXEMEl SaMe-
LIEHHS HYNEBOH IOCHC/OBATENBHOCTH C 3JEKTPHUECKHMH
CBABAMY MEXIY 3JeMEeHTaMH B COOTBEICTBHH ¢ pme. 3-15.

CxeMa saMeulends HyJeBOf NOCAEZCBATENBHOCTH YEThHI-
pex napanaenbHbIX .'mmg TepefayH ¢ SNEKTPHYECKHMH CBR-
3AMH MEX/Y GNEMEHTEZMH Jijs YacTd JMHuil chepa K copa-
Ba OT MeCTa K, 8. mpkBeleHa Ha puc. 3-32.

[MTapamerpsl CXeMbl 3aMEUIEHMS ONPENENSTIOTCA B COOT-
BETCTBHH ¢ PaCYeTHRINH Bb[-pﬁ)i(e]illﬁh{l{, NPHBEEIEHHBIMH Ha
puc. 3-15.

Jlusi §acTH cxembl cneBa OT MecTa K. 8.

Re=Zy —Z,,= J27,6 — j24 — j3,6 Ong;

(. Zyo—2Zyq .
_zas__zn_ 2¢ 1 Zl4—_
30,6 — j24

= 36,6 30,6 — jor, 6.+ jod = 275
Zoo—Zou 34,2 27,6

Lzzu_ z}j: ".27’6_;24 = ],84;
_Zu—=2, j30,6 —j24
M‘Zlk'— Zys f j40,2 — j30,6 -1,84=1,26;
__‘_Z“ o Zas j34,.2 — f27,6 )
Moz,=z, =W, =m0, 2™ =189
7—I156
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Puc. 3-31. Yersipe napanjesshsie JHHEM C IBYXCTOPOHHHM
nuraidem (k opuvepaym 3-1 u 3-2).

a —vcxonHain cxema; 6 —cxema 3amelneHHst npsiMof nocliefosa-
TeMBHOCTEH, & — CXeMa BaMElIeHHs HyJepoll Nod)ielopaTe BHOCTH
[+ manmwwxmpymmn CEASHMH MeN/1Y JARHHAMH,

NpuMeganne, CoOCTBEEHBIE H BSAHMHBIE CONDPOTHEJEHHSN
B cxe:;ug_c (OmM) COOTBETCTBYROT YIeJbHbLIM CONPOTHBASHHAM DpPH-
mepa Z-.

J5
[

Pruc. 3-32. Cxema saMemieHusi H TOKH HYJEBOH DOCTenoBa-
TeNBHOCTH (KA) YeTHIpeX mapailieNbBLX NHEKE ¢ 9MeKTpR-
YECKHMM CBASAMH MEXAY sneMeHTaMu (K npumepy 3-1).

A=R(l +F+L+4 M+ N)=

= j3.6(1 + 2,751+ 1,84 4 1,26 4 1,89) = 31,4 Owm;

n  j31,4
k_Tz_l-,ﬁS_gEj 16,5 .OM;
i

2,75
fom o i m.i31,4=j45,7 On;

97



Ln  1,84.j31,4

I=-§="7g8 =130.60m
In "
P=lu—FFRFifmyn — 12—
j48,7-731,4 .
8,71 j16,64730,6 1 j21 5 51,4 — 1 14.1 Om;
e+ 1+ m+ n) I 3
“‘:z“"a"““f+k+:+m+n =j76,8 —jl4,1 —
45,7 (] 16,6 4 30,6 4 jo1 + j31,4)
LA LI QLI s
& i
i 16,6 + j45,7) (j30,6 4 j21 4 31,4
Q68467 URSLRUATI .y
k41
c=,z,,_p_}”l":fg£f:min) —[76,8—j14,1 —
21 4 j31,4) (j45,7 4 j 16, 30,6)
AN GBI ING o, o
n(f+k+1+4m) S
S~ la—=P— i Tt nrn — B8t~
_1381,4(j 45,7+ j 16,614 j 30,6 47 21) — /38,1 Ou.

71453

Hns uacTn cxembl cmpaBa OT MeCTa X. 3. QHANOTHIHO
TIONY9eHHOMY BHILE:

R=j4l1,4— j36==]5,4 Om;
= - 1455} 26 == 2,75:
764,09 45,9— 41,4 j36 =%
j51,4—j41,4

} 45,9 — j 36
m 1.84 =1,26;

51,4 —j41,4 R
T 5y T = 1.8%

n=j5,4(1+42,7541,8¢ 41,264 1.89) = j47,1 Ox;

F

M=

N=

47,1
k;jm:jﬂ-,g O

'f:f—';—gjcfi,l — j,68,5 Ou;

1,84
{= m;‘f?,l =f45,8 OM:

m::i'—ggjtﬂ.l =j3l.4 Oun;

) j68,5.7 47,1
P=136— o 5 24,0 T/ 85,8 & BLAFjar,i—
=j21,2 Ox;
a=jl115,2—j21,2—

. 68,5 (24,94 j 45,8 4 31,4 4 j 47,1)"
I 0 1217,7

.

b igq U2H9+768,5) j45,84 31,44 j47,1)
b f217.7
= j 40,6 Ong
(731,44 j47,1) (j 68,5} 724,94 j 45,8)
- 7 217,7
=j 43,7 Om;
j47,1(j 68,5 4 j 24,94 j 45,8 + ] 31,4)
j217,7 =

= j 57 Oa.

c=j9%

d=jo4—

Hcxoms B3 cxeMbl 3amelleHKs npAaMoit (oBparaoit) no-
CIeMOBATENBHOCTH (pre. 3-31,6) m cxemul sameitenms Hy-
JeB0YI  TOCTENIOBATENLHOCTH € SNEKTDUYECKHMH CBABAMHK
Mexay snementamy (puc. 3-32), HaHpeHm TOKM, NpHBeZeH-
HEIE Ha pHe. 3-32.

Npumep 3-2. las versipex napansesbhux anuuil nepe-
paun 220 xB papmoil 150 xm (cu. pue. 3-31), paccmorper-
HEIX B mpHMepe 3-1, onpexnesuTh TOKH HysneBOH moc/e10Ba-
TENMBHOCTH TIPH OTKJIOYEHHH H 3aseMJIeHHH Jiwknp 4 M oa-
HO(asHOM 3AMBIKAHEH Ha 3eMmo B Touke K nuunn 1.

PacueT BHIOAHACTCA B COOTBETCTBHH € MPHJAOMKeNHeM
3M1-66 w puc. 3I1-13 ¢ HCNONBL3OBAKHEM CXeM 3aMEILEHWS
HY/ICBOH TOCNENOBATENBHOCTH C SNEKTPHUCCKHMH CBA3SMH
MEXIY 3/eMedTaMH. .

Ilepecuer compotmpsennfi mcxommeft cXeMm Mo Puc.
3-3l,6 npu ywere B well Tomeko ymmmii {, 2 w 8 ® npw
3a3eMIIEHHH ¢ OGOMX KOMLOB JuHAH 4 TNPORIBOLHTCA CO-
raacko (3I1-30) u (311-302), On:

ZyaZap 724~ 36

Zis="2, 710 =145
Z% 445
Zva— g = Zna—"7,, —fus=
4 2
anﬁ,a—%jfg—;—u,s: j69,3;
25
Z'18— Zija = Zus— 7, —Zim=
j 36)2
SPIES - {}19)2 [ 4,5 = ] 104;
Zi4aZ2a i24-769
Zlipp= Zygg— g — =102 g ] 81,65
ZigaZsa . j24.j85,6
2'184 = zle e -_Z{-l = 30:6"—‘ j 192 =!lgyg;
’ Pl j36-769
Zy4pZaa : j36-j 85,6 N
Z'ap=Zizg——7 — =i45.9 — g = 129.8;
e { /69)2 .
Llyy = Zyy '""_Z;'ﬂ j1o2 _—f 199 = j167,2;
ZS 224 P J85,6-f59 .
Z"“ *zzs—'_ir‘ =j9l1,5 —"—'! 199 =1 60,7;
z? 85,6)2 .
Ll = Zes__f"x =j192— ‘U—'*’_)_ = 153,8.

7192

Ionyvennas cxema HyseBoR NOCHENOBaTELHOCTHE [IJR
TPeX JuHull gaHa ya pmnc. 3-33.a.

Hexoxn ns cxembl 3saMelueHHs NpsiMolf nocaenopateb-
HOCTH 1o pHe. 3-3L,0 npk yuere B weh smmuft 1, 2, 8 n
CXEMEL  38MEIEHIA HYNEeBOH WOCACHOBATENLHOCTH — pHC.
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Puc. 3-33. Cxembl HyZeBOll MOCNENOBATEJBHOCTH ueTHIPeX
napanniesbHblX JHHEE N0 pHC. 3-3]1 TIDH OTKJEOYEHHH W 33~
seMJIeHKE JuHHA 4 W K. 3. B Touke K wa mmmu I (x npm-
mepy 3-2).

a4 — CXeMa HYJeBOR NOCASLOEATENBHOCTH, COCTABMEHHEN B COOTRET-
<reny c puc. 3I1-13,6 u #; 6 — cxeMa SEMeEHHA HYJEBOR mnocsaes

AOBATENLHOCTH 00 PHC. 3-33,G © SACKTDHYECKHMH CBA3IAMH MEXAY
JieMEHTaMH,

3-33,6, cocTaBneHrol HcXozs Ws puc. 3-12,6, nadinens TOKH,
NPUBEIEHHEIE Ha CXeMe pHC. 3-33,6.

CpaBruBas pesysbTaTh pacueTa AGHEONO MNpHMepa
€ peaysabTaTaMH pacuera mpEmepa 3-1, MOXKHO BHOETb, UTO
OTKIOYEHHE JIHHAH 4 BBHLYy DOJBUION yAaieHHOCTH ee OF
JIHHHK € K. 3. Mano BJAKWsET Ha-3HaYeHHe TOKA B yaJe ¢ K. 3.

lNpumep 3-3. PaccymTaTs mapaMeTprl cxeM 3aMemeHus
HYJeBOH TIOCASNOBATENEHOCTH ABYX TNapanfelbHeX JHWHE
no puc. 3-256, 8 wanpswennenm 500 xB pumuoft- 500 KM
C M2paMeTpamMH Ha eZWHHNY AJH{bL JAHHAH, PACCYHTAHHBIMH
B8 mpHmepax 24 u 26 (npu yuere BaaMMHOH eMKOCTH
Cox 11), chenyiomumy crnocobamm:

1) mo (3-15), yumthiBaolum TinepGonnyeckue GynK-
unH _(Toymmii cnoco®); 2) mo (3-15) Tpu ywere ® HHX
(2-170) (npuGmmxenunt cnoco6); 3) no (3-16) mpr yuere
o pax (3[1-49) u (3I1-52), B KOTOpLIX NpHHEMaeTcs Bame-
Ha TrinepOosmueckHx GyHKIHE HEeCKONBKHMH UYJeHaMH pas-
AOXEHHA B CTeneHHoll pag (yToumeBHHN Cnocol).

TapameTpsl ¥a enKHHIY IAMHEl AHHEM JU1S° HyneBoh
HIOC/IENOBATEBHOCTH:

colCTBEHHOE CONPOTHBIEHKE KaKpol JHHME

Zor =Zorx 1=20=0,176-4j1,09 Om/x;
COMPOTHENEHHE BIaHMOHHAYKUHHA MEXAY flapalielbHbi-

MH AHHHAMH
Zox 11=0,15-}-j0,674 On fxn;
eMKOCTb KaXJ0R W3 ABYX NapajsienbEbIX JHHUM
Cor 1=Co11 11==Cp=9,15-10-% @ [xn;
BaaHMHEaA eMKOCTh
Cox 11==0,349-10-¢ O /km.

A. MNapameTpsl CXeMbl 3aMmeLLeHus
napannensHblX nutmii 6ea obwmx Touek
MO KOHLAM C 3NEKTPUYECKMMMU CBF3AMM
MEMLY BCEeMH ee SNeMeHTaMKu

a) Pacuer Towmmm cmocofom (cm. pme.
3-25,6). Hmwxe nNpHBOAMTCA XOI PacyeTa Mo ONPERENCHHIO
TOYHBIX TapaMeTpPOB cxeMbl Mo puc. 3-256. i
7™

Mo (3-12): |
Yi=ZojowCo—Zo1 11je¥Cox 11=
= (0,176-}-j1,09) -j314 -9,15-10~°—(0,15--j0,574) X
X j314-0,349 -10~°=—=—3080 - 10—*-}-j490 -10-*,
02=ZojwCor 1—Zo1 11jCo=
=(0,176-71,09) +j314 -0,349-10-°—(0,15-4-j0,574) X
Xj314+9,15+10~%==1532 10-9—j412-10~%;
bh=Vite=
=V (—3080- 10~ *- j490. 10~ %)} (1532- 10~ *—j412- 10~ #)=
=V 154,8.10-% (cos 177°-} jsin 177°) =

L]

=12,45.10~* (cos ¥+ fsin—l%?—) = 0,305-10-* +
+ i12,45-10-%
ky=Vy—ot =
=V (—3080- 10-°1-/490- 10- ¥)— {1532. 10~ *—j412. 10-%)—

=¥ (470-10-*(cos 169° -F jsin 169%) =

4169° 169°
- 21,7.1o—=(cosé2 +isln-§g—)~=2.08-lﬂ-‘+

+ j21,6.10~%;

Ze—Zo1 11 B
5 ky
_ (0,176 1,09) — (0,15 / 0,574)

0,305-10-* ] 12,45-10-+
% 2o+ Zo 11
ka
(0,176 - j1,09) -+ (0,15 + j 0,574)
2,08-10~%F ] 21,6-10-°

BeauvEBH, BXONAMEE B OJEMEHTH MaTphus (3-14),

¥4 0=

=414 10,75,0ng

=780 — ;76,8 Ou.

Zq 414 — j 10,75 s
shkyln  h|(0,3(5-10-* 4] 12,45-10-9).00)

414 —j 10,75 =
='sh (1,525.107) cos 0,6224-] ch (1,525- 10~ %)sin 0,622

hk |
Ba pp = (414 1) 10,75)X

ch[(0,805.10-% - j 12,45.10~%).500] -y
X Sh[(0,305-10-%  j 12,45. 10-%)-5001 — <-55— j £75.

Ananormmeo nonyuax, Ol
z %
E—?E;W_S;?Fm&;

Chk,i,n & -
Zy grg =63.8—f42l.

Snementnt maTpunn (3-14), Om:

1 chkl, z chkyl,f
Zn="g % Ehi, + Lok, k,{,l)”

1 .
=5~ (3,65~ j 575 63,8— ] 421) = 33,7 —j 4u8;

1 chkls® _ chhd,
Ap=g" (Zb Shkgly Zag, kd, )=



1 i . HHI0 YTOYHEHEHIX MapaMeTpPoB cXeMbl To puc. 3-25,6 ¢ mo-
=5 (63,8 —j421 —3,55 +j575) =30,1 4 j 77,1; MOMBIO COOTHOLICHRI!, TIPHBeeRHHX B npuacxenns 3I1-9.
Ilo, (3I1-51): ..
1 zll Zb ey ) - ; 8
Z,= (sh et ) Vomjo (Cort-Con ) =/314(9,15- 10210349
X10-9)=j2,98-10-¢ Cp;

Yo=jo{Co—Cor 11)=j314{9,15-10—°—0,349-10-2) =

1
5 (—3,37 ;7‘10 37 — j 883) 20,2 — j 796; —72,76-10-¢ Cai;
1 Z, Z, Z'v=Zy—Zy1 11=(0,1764j1,09) —(0,154}j0,574)=
Zu="g (sh kaly  shkyln )= =0,0264-j0,516 Ow;
Z o= Zo-4-Zor 11=(0,176-}-j1,09)-} (0,15-50,674) =

=0,326--j1,664 Owm.

I I1-52 3
Flapamerpbl cxembl samemleHus mo puc. 3-25,6 ompene- o (311-52), Om .

1 G
= (—37— 883 43,37 4 710) = — 16,8 — j 86,5.

Jasores mo (3-15), OMm: M [ i
. . a= v (Z7.YT R,
a=d=2,,—2,,—Z,, 4 Z,,=6,97 + | 134,4; Yl — —
=c=2,, + Zyy — Z,3 — Z,, = 100,8 + j 461,6; :
b=c ._"t; Zu 3 4:3.9 10016834;!45’5 . 0,026 4 j 0,516
n=Ff=Z,—Z,,=16,94]163,6; = {0,096 3-7 0,516)-/2, 98- 10-5.500F
b=m=—2 =-—93,8— j327;
i —
Z. 1 2Z : (0,026 + j 0,516) -] 2,98- 10~ *]*-500°
pn—ﬁ—%—ﬂz_m,sﬂjm; + 1 6
y L 4 S S =—4,43—~j718;
£=2( 1a 1’)_-{213 l’)=137+f396.
1 is

Zl yr | Zryitﬂ 2
Na=M0[1+ ngo J1+( 024: .T‘!} ]2(_4,43_

(0,026 - j0,516)-j2,98-10-°-500°
+ 2

6) Pacuer mpuGauxeansm cuocobom {cm
puc. 3-27,a). PacieT npHORHMEHAHX 3Hatienufi mapaMer- -
POB CXeMp! aMemends wo puc. 3-25,6 mpoussomHTcH HO —i718) {1
ccﬁ:ommuergmn. MDHBEICHHKIM Ha PHC. 3-27.@, Crepyionum
o6pasoM, OnM: 0,026 4 j0,516)-j 2,98. 10-5.5002]2
+!{ s + 70,516) ' 1 }=2,9-—]"584-

I
a=d=(2Z~—Zy 1) 5 =1(0,176 +j 1,09) — 24
Awanorsuno, noayunm, OM:

Mp=——41,8—j895;

i 500
— (0,154 0,574)] 5~ =6,5 + j129; Np—62,4—j400.
'y SaemenTr Matpuus (3-13) no (3I1-49), Owm:
B — =[(0,176 4 j 1,09 1
e=(Z+Zy1y) g =176 +71.09) + Z,, =~ (N + Np) — 32,7 —  497;
\ 0,15 4 j 0,574 bR 81,4 - j 416; I
01805 =Bl 114l Z,3 = =5~ (Ny—Ng) = 29,8 } | 87.5;
! . 500 1 :
n=f=Zyq "'2'1_ =(0,15+j 0,574) —5-== Zyy =5~ (Mg + Mp) = — 23,1 — j 806;
=37,54 f 143,5; 1
v Zyy =5 (Mp— Mz)=—18,7— j88,5.
k= = — olufﬂ=—(0.l5+i0.574)500=
= 75— j 287; lMapamerpst cxeMpl SamemlenHsi no pruc. 3-25,6 npu
4 y4yeTe BBUHC/AEHHBIX 3HAYeHHA Zi1—Zi ODPENENHAIOTCH MO
= lc- = {3-15), On: _
Imll o—Cornn) in e Zis—Zir—Zas - ZaaT,3-1{133;
=—i 361: b=ﬂ=zif_—|—ziz—21.s—2u.':104,3+f485;

=9.7314(9,15-10-9 —0,349- 10~ *)- 500
n—=f—=2Z19—Z1==485-4-j176;

(Cot+Corm) Zorula ]
b= Zoypyln |l — i 5 = fo=m=——2n=—97—{352;
: z Z
— (0,15 4 70,574) 500 X A < S Y 5
(9,15-10-*4-0,349-10~*)(0, 15+i0.574}-500] _
o = Zio—Zya) (Z3—Z
X[l j314 3 !:2( 1a zul-(zu ’3)=l45+f431.

754§ 987 12 14
o : ’ Tlonyyerrre peaginmam pacuera MapaMeTpPOB CXEMH
3aMellleHHA Mo pHC. 3-25,6 pasHuiMp cnocoGaMH oGweyHe-

é} Pacuer yrTouremunm cnocobom (cMm
puc. 3-25,6). 3peck NPHBOAMTCA XOX PACYETa WO OUPELEne-

100

g5 Ha puc. 3-34,a. -
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,  EEE eI | o
o ?— f —{—}—o
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Puc. 3-34. Cxemn 3amelienus %enon NOCNEROBATENBHO-
CTH ABYX NapannefbHHX JHHHHA KB pannof 500 kM Ges
OOLIHX TOYeK HO KOHIAM- ¢ SNEKTPHUECKHMH CBASSMH MeX-
Ay BCEMH 3MEMEHTaMH (€) H C COXpAHEHHEM 3JIEKTpPOMAr-
HHTHOH cBask (6) (x npumepy 3-3). &
flpamevarnne Pesynsrars! pacueTor npiBenedl & Cle-

oywwen DoprROKe (CoepXy BHHS): TOUHEE, NPHOMMOKEHHHE, YToU-
HEHHEBIE.

b. MNapameTpul cxemul 3ameLeHms
napanrencHeiX nMHMi 6e3 obwmx Touek
Mo KOHUaM C COXPaHEHHEeM
3MNEeKTPOMAarHMTHOM CBA3M

a) Pacuer ToynmM cmocofom (cm. DpHC
3-25,6). IlapameTpul cxemnl onpepensiorcss mo (3-17), mHe-
XOIA U3 BHGHCTeHHuiX B 0. A,a anavennfi, Om:

k=l=2Zy—Z15=(33,7—j498)— (—20,2—{796) =
=53,94-7298;
f=n=Z15—Z11=(—20,2—j796) — (—1 6,8—j86,6)=
=—38,4—j709,5;
—Zy=—16,8—j86,5;
m=2Z15—Z1u=(30,1-}j77,1)—(—16,8—j86,5)=
=46,9-}-7163,6.

6) Pacyer UDpHGNMKEHHBM cnocobGom
(cm. puc. 3-28,@). Pacuer npHEMMIKEHHEIX ShHaueHuwil napa-

FNABA HYETBEPTAMA

MeTpOB CXeMH 3aMmelleHss no puc. 8-25,6 npouseBommTCH

00 COOTHOWEHWAM, NPHBENEHHHM Ha puc. 3-28,a, cneayio-
mum obpaszom, OuM: !

Z,l 0,176 1,09)-500

2“‘— ( +; ) =44 -} [ 272,5;

1
RC+ G ln

1
= 7314 (9,15-10-93-0,349.10-%).500 — — 1 671

)=

1 1
=3j314-500 ( 9,15.10-*—0,349.10-9

! -
T 7G,15-10-* 1 0, 349- m-a}= —i2i1

zU I lll-ﬂ 2o (0!15 + fﬂ.574)500
2 2 2

B) Pacuer yTOoOuHeHHHM cmocofom (cMm
pue. 3-25,6). [lapamerps cxemsr onpenensiores. no (3-17),
HCXORA 513 BHYHCAEHHBIX B 1. A,p suavenmnfi Zy—2Z,, Owm:

ke=l==Zyy—Z19=(32,7—j497) — (—23,1~-j806) =
=55,8-}-j309;
[=n=Zss—Z1i==(—23,1—j806) —(—18,7—j88,5)= |
——4,4—j717,5; .=
p=Zy——18,7—j88,5; f
m=Zs5—Zy=(29,8-}j87,5)—(—18,7—j88,5) =
—485}176.

[MosyyeHHBle pe3yJbTATEl pacyera NAPAMETPOB CXEMH
samentenust no puc. 3-25,6 pasubiMe cnocoGamu OGbenHEe-
HH Ha pHC. 3-34,0.

CpaBHUBAR PE3yNbTaTh! PACYETOB NAPAMETPOR CXEM 38~
MELIEHHsT HyJeBol TOCJeNOBATENLHOCTH ABYX MHapaiielnb-
HBX nnaHuil, TpHBeenuble Ha pHC. 3-34, MOKHO YCTaHO-
BHTb, 4TO QIJA paccMarpuBaeMuix amupi 500 xB nmusok
500 kM pacver MpubGAHMEHHHM CIOCOGOM CBSISaH ¢ HEKO-
TOPBIMH MOIPELIHOCTAMY, B TO BPEMHA KaK YTOUHEHHBIH CrO-
cof oCecneynpaer pesynwTathl, Donee ONHSKME K Desysb-
TATaM pacyeTa TOUHHM ©N0CoGOM, YYHTHBAIOIMHM runepoo-
nugeckHe QYHKUHH € KOMOJNEKCHBIMH APTyMEeHTaMH.

Caenyer oTMeTHTb, YTO AOTOJHHTENBHO LPOK3BENEHHDIE
PacYeThl YTOUHEHHEIX NZDAMETPOB CXEMH 3aMENIEHHN pac-
CMATPHBAEMBIX NApAMIeNbHbX JHEMR (A1 cnyvas oGbenH-
HEHMS X KOHUOB) myTeM pasCMBKM JMHME Ha B4 ydacTKa
7o 250 KM H NPHHSTHA AJs KaMKNOTO y4acCTKA CXEM 3ame-
mieHss oo puc. 3-27,2 w1 0, 3-28a ® 6 mokasanM HOCTATOY-
HYI0 CXOIHMOCTb € pesyNbTaTaMH pAacyeToB TapaMeTpor
CXEMbl saMellleHus NMADAJIENbHEX JHHHH TOYHHIM CrocoGom
€ npusMeHenueM runepbonudecknx (QyHkimi,

1 1 1
2jwly (Cc"conr Co+Corn

= 37,5+ j 143.

HEKOTOPBIE YKA3AHMS NO KMCMNONb3OBAHUIO 3BM
ANg PACHETOB TOKOB KOPOTKOTO 3AMbIK AHMS

4-1. KPATHAA XAPAKTEPMCTUKA
OCHOBHBIX NPOTPAMM, NMPMMEHSAEMbBIX
B8 PACHETA TOKOB K. 3. HA 3BM
I. PacueTe! TOKOB K. 3. mAs peaglinoit 3ammura compe-

MEHHELX CJHOMHBLX 3JIEKTpH‘IECKHX CHCTEM SABIAITCH BaM-~
Hofl sajaueit. B CCCP Bunonusercs peckMa GONBUION

ofbeM 9THX PacyeToB jasi Denefl NMPOSKTHPOBRHHS H IKC-
MUIYATALHA YCTPOICTB PeNlefHo# 3aIMTH ¢ ACNONL30BAHHEM
9BM sroporo nokonenns, rnasEpimM ofpasom Tania BACM-4
(4M), M-220, M-222. TIpH 3TOM ONLIT BLUIOJHEHHS STHK
PacYeTOR TIOATBEPHHNT UIHPOKHE BOIMOIKHOCTH H IpeHMY-
wectea IBM npH pacuere TOKOB K. a. 2Js neneil peneiiHol
aamuta [58, 59].
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B ocHoprHOM HCNOMB3YIOTCA NpOrpaMME, paspaboTak-
fvie FIHCTHTYTOM SJEKTPOAMHaMHKH AKdgemny nayk YCCP
(M3]1) v nucruryrom DHeprocerbllpoekt B otlene PIAVM
{2CIT). Ykasannbie yHHBepcaJbMble nporpamMmbl [15, 17]
00eCTEuHBAIOT B OCHOBHOM HeOGXORHMEI OOBEM PACcUETOB
SNMEKTPHIECKRX BEJHYRY, Kotopbifi TpeGyercs aas BniGopa
JCTaBOK peneiiMoli SalMTH ¢ CHCTEMHOH ABTOMATHKH.

JIf cA0KHBIX 3NEKTPHYECKHX CHCTEM NPEABAPHTENHHO
MCHOJL3YeTCHA NMPOrpaMma IO SKBHBAJEHTHPOBAHHIO AX CXeM
SaMEIEHHs, B WYACTHOCTH NPOrpaMMul, paspaGoTansbe
g M3 [61] # B HIH(OPMaIHOHHO-BHYUCTUTENLHOM LEHTDE
{HBLl) Mocawepro [1 ﬁ Ionyuaror anpobaumio nporpam-
Mbl  KOMILTEKCHOIO pacyeta SEKBHBaJIEHTHBRIX MNapaMerpos
CXeME 3aMEIleHHA M TOKOB K. 8., cocraBjienuwe B ML
[60] nna 3BM Bw]gnm nokoxesns u B ICII gi]& 64]
ApHMEHHTEIBHO K 2BM tpersero nokosenus. PaGoTel 1o
€037arvHI0 nporpaMm Ana YBM TpeThero MOKOJEHHA TaKkKe
nperoparcs B M2/ u B JleHHnrpaackoM HOAHTEXHHYECKOM
HUCTHTYTE.

2. PaspaGotannne B WI2J] nporpaMma V-VI-4 ® ee
MOJICPHH3HDOBaKHbe PapuanTel ana IBM proporo moko.e-
HHS Fls, 52] mpenmaznauennl Aqs ceTell ¢ AMHCHEBIMH 37€-
MeHTamMH, uMeromux A0 120 ysnoe. OHH oCHOBaME! Ha
ACIIONbL30BAHHE TNPAMOTO METOAA PEUleHHA NJAR Y3JA0BbIX
HamNpsKEHHA TyTeM COCTABJEHHS MATPHIB Y3JIOBBIX COMpO-
THBNeHHH, C HX NOMOWIBIO MOMCHO YYHTHIBATL PasJHYHLE
HO MORYMO K (hase HCTOYHHKH NHTAaHHA B CXeMe CETH C pe-
AKTHBHEIMH CONMPOTHBJIEHHSIMH NIPH yueTe PAaBEHCTBA CONpO-
THBJEHRH Dpsmofi W obpartiofi nocrepoBatensHocTell. Kom-
MYyTallHOHHBE H3MEHEHHA B CXEMe NpeACTAaBAfETCH BO3-
MOXHHIM YYHTHIBATH NOCTATOUHO NpocTo. CyiecTBeHHLIM
BOCTOEHCTBOM NpOrpamMMel SIBJAAEICH BO3MOMKHOCTb YYHThHi-
BaTh ZBTOMATHUECKH B HYJEBOH NOCHAelOBATEALHOCTH CO-
APOTHBJIEHHRA BSAHMOMHAYKIHH MEXAY NapajfiesbHbIMH JH-
BAMH B CeTAX CAOXHOH KOHGHIypauHH (MOTYT YYHTBIBATD-
29 Beero 255 cOGCTBEHHBIX M B3aHMHHX CONPOTHBJCHHIH).
¥razauHple MPOrpaMMbl HALIIK WWHPOKOE PACNPOCTPaHeHHe.

B M3 paspaborana nporpamma V-VI-7 pan pacuera
gz DBM BTOpPOro NOKOJEHHA TOKOB K. 3. B CETHX, HMEIO-
wux Ao 1000 ysnos {60]. Tlpr stoM HCXoAnas ceTh pas-
BrpaeTcs Ma HoAcxeme: (no 15) ¢ THCAOM y3A0B B Kamgoil
no 85. PacueTel TOKOB K. 8. MOTYT BBINO/HSATLCH B HEKOTO-
pOM BBIEENIEHHOM paloHe CeTH, CcOuepXameM DOpAjxKa
B0 ysaoB, mpuuem yKasamHmie YaJdsl MOTYT PacnosaraTbed
60 HCKMOUHTENBHO B Npefesax ofiHolt U3 DofcxeM, JHGO
B prpge nopcxeM. Iaa ocranemoli gacTH HexofHOR CXeMbl
€ JHHEHHBIMH SNeMeHTAaMH AaBTOMATHYECKH MOMYYaloTes
9KBHBAZIEHTHEIE MapaMerTpHl, NPHBELEHHHE K BHLIECJCHHOMY
pationy. Jlna OTAEJLHBIX TOACXeM COCTABJIAIOTCA MATPHI(B!
Y3JIOBBIX CONPOTHBJEHHH AHANOHYHO TOMY, KaK 5TO BHINOJ-
saerca B nporpaMMe V-VI-4; omHako B OTIHUEE OT NOCHE]-
neft HMeeTCs BOSMOKHOCTE YUHTHIBATE CONPOTHBJEGHAR B BH-
BE HOMIJIEKCOB.

Paspaborasnan B U3]1 nporpamma V-VI-5A ang mo-
Jnyvedna Ha 3BM BTOpOre MOKOJIEHHA SKBHBAJIEHTHHIX MHa-
paMeTpoB cetTH ¢ uHcIoM Yanos Ao 1000 [61] Taxme
HCIOJIL3YET METONMKY pa3CHBKH Ha HOICXeMB U ABJIAETCH
€ocTasHo# yacTpio NporpamMpl V-VI-7,

3. PaapaGoraunan B SCII nporpamma gns 9BM ero-
poro nokosenms [17] npenuasuauena pas cetefi ¢ JnRe#H-
BEIMH SJEMEeHTaMM, HMeomux Ao 400—440 yanoe. [lpu
STOM MOXKHO YYHTHIBATE pasiHuHbie 70 MOAY/M0 # ase
HCTOYNEKA {IHTaHHA B CXEME'CETH C CONPOTHBJEHUAMH B BHIE
¥OMIVIEKCHLIX BeNHYHH IPH yuere B cayuae HeoOXoaMMOCTH
BEOJIMHAKOBLIX CORPOTHBJIEHHN NpAMOR # obGpaTHO! .mOCTe-
KoBaTeibpocTel- ViMeeTcs BOSMOMHOCTE YUHTHIBaThH HeoGX0-
IHMbIE KOMMYTHI{HOHHbIE HSMEHEHHs B CXeMe. VYBelnHuenHe
Apefeneioro ob6bveMa pewaeMoff SallauM B CDaBHEHHH
€ aHanorHyHo# mporpaMmoft M3 V-VI-4 (oM. m. 2) ¢ yue-
“FOM GONHILEro KOMHUECTBA YTOMHAIOWEX (baKTOPOB, YYHTEL-
BaeMbIX B pacyere IIPH NPHMEHEHHH NpAMOro METoja Omnpe-
AeNeNua YSNOBEIX HaOpsikeHHf, o0Kasanoch BOSMOMCHAIM
Snaronapa tomy, uto B mporpamme DCIT Hcnoaesyercs
23260 sanosHennas MaTPHIA YSJIOBHIX HPOBOAEMOCTEH NpH
SIpefe/ieHHE manpfxeuni meropoM ['aycca ¢ OnTHMASNB-
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HbiM NOPAOKOM WCKMOUWeHus yanoB. Jlaud€ans nporpaMma
Halla WHPOKOe paclpocTpaHeHHe,

OnpepiesieHHbIM HECOBEPINEHCTBOM YKASAHHOIO HCXOA-
yoro BapuaHra TnporpaMmpt DCII sBAReTCA TO, YTC OHa
NOSBOJIAET YUMTHIBATL aBTOMATHYECKH CONPOTHBNEHH: B3a-
HMOHHAYKUMY He GoJee ueM MeXOY TPeMs JMHHHAMH B HY-
neBoi  mocnenoparesbnocTH. OIHAKG B HACTOAIUEE BPEMSA
B 3CII pazpaforano cnelHaibHCe JONOJNHEHHe K MpOorpaM-
me [17], ompepmeasnoniee NapaMeTpPhl CXEMbl 3aMelleHHA
B BHE NOJHOIO MHOTOYroJibHHKA (aHajxorayuoro pac. 3-2,6)
ANfl MPAKTHYECKH HEOrPaHHYSHHOTO KOMHYECTBA Napaliefb-
HbIX JIMHHEA ¢ Bujayedl pesyJabTaTOB Ma nepdorapTax
B dopme, BoCIpHHHEMAaeMOH OCHOBHON NporpaMmoi pacuera
TOKOB K. 3. [[17] B kauecTBe HCXOLHHIX JaHHLIX. STHM pe-
IaeTcs Bompoc 06 aABTOMATHUECKOM YUeTe B HNporpaMmme
3CI1 conporTusJenyii B3aHMOMHAYKUMH B CXeMe HYJeBOR
NoCAeNOBATE/ILHOCTH NPA HAJMWYHH MHOTHX BS2HMOHHIYKTH-
PYIOIINX NapaiNeTbHLIX JHHHI.

Ipumeunresuio K nporpamme 2CIT 8 HBLI Mocshep-
ro paspaboTana BCIOMOraTeNbHAR OpPOrpaMMa aBTOMaTH'e-
CKoro noucka owmwnGox B Acxopubix JaHueix (ITATTOWT),
Hamejinas CPaBHHTE/IBHO IIHPOKOE PacnpocTpaHeHHe, TaK
KaK ¢ ee NmOMOLIBI0 NMoBbiaetcss 3GGEeKTHBHOCTh TEXHOJ0-
TAH BHIMOJHEHHS PacyeToB, B OCODEHHOCTH B CJ/OMKHBIX
CETHAX.

Jlas BOBMOKHOCTH pacyera TOKOB K. 8. B CETHIX ¢ YHC-
JoM yanos Gosbime 400 MOXHO NpefBAPHTENLHO HCNOJAB3D-
BaTb NporpaMmel, paspatdorandse B MIBL] [16] 1 OP3AYM
3CIT (Omutpres K. C., Ouurpuesa . A), mas nonyuenns
SKBHBAJIEHTHBIX NapaMeTpoB CIOMKHBIX cXeM (nozpoGeee —
cM. %4-5). B oTnHURE OT HpOrpaMMsl SKBHMBAJEHTHPOBA-
nuf V-VI-5A, paspaGoraumo#t 8 M3J1 (cu. m. 2), paccma-
TpHBaeMee nporpaMMmt ke -TpefyiorT pasGHBRH HCXonuof
CXeMbl Ha TMOJACXeMbl, TAK KaK B HHX MCNOJb3YyeTca ci1abo
SanmoJHeHHas MaTPHIa y3J0BbLIX NPOBOJHMOCTEN.

3apepuiena paspaCorka B MBLl nporpammm mas pac-
yera Ha 3BM BTOpOr0 MOKOJIEHHSt TOKOB K. 8. B CETHX
¢ yncaoM ysaos o 1000, ne Tpebyrwoiuedt nmpexsapHTebHOrO
SKBHBANEHTHPOBAHHUA uacTed cxembt [63].

4. B KayeCTBe JONMOJHeHHs K mporpaMme 3CIT [17]
cocrapiies psfl MOIY/eli, BEMHCISIOUHX Pa3jHUHBle SJEK-
TPHYECKHE H PpefiefiHble BeJIHYHHB ¢ HCNOMB3OBauHeM pe-
B8yJbTATOB pacyerOB TOKOB K. 3. YKasanHble MOAYJH
0d)OpPMJIEHEl B BHJE TaK HasblBacMGH OHOMIHOTEKH (QYHKUIHO-
HanbubiX saBHCHMocTel (B®3) [51]. Pesyastaty pacueron
BLIAIOTCA Ha NeyaTh -B YNOPSJIOYEHHOM BHAE OPH Pa3siHy-
HBIX 38NaHHBIX pacueTHLIX [)E}KHMZU{. C NOMOILUEK} OTHENL-
HbIX MOJYJieli NpelcTaBJASeTCA BOIMOMHEIM BHYHCAMTL NPH
pasHblX BHAAX K. 3.. PesyMbTHPYWOIUMEe TOKH H HalpsKewnms,
JHHEeHHO 3aBHCHIIIHE OT CHMMETPMUYHEIX COCTABJAKILMX ANA
AaHHOro Mecra ycraHoBkd sammrer (B®3-3, Bd3-4),
B YACTHOCTH TOKH M MANPSKEHHR OTAeNbHEX (az RpH
K. 3. Ha TOA e CTOpOHe TpaHC(HOPMATOpa € COELHHEHHEM
Y/A-11, a Takie sa 5THM TpauchopMaTopoM (C HCNOJB3O-
BanueM cooTHoweHnH § 2-10) u BeaHuMHH Ha BHXOHe KOM-

GHHHPOBAHHBIX E)HJIETPOB CHMMETDHUHLIX COCTABJIAIOILHX
(FiA-kFy; Fi+ kFo, FobRFo) u 7. I.; kosbhunnentn pac-
OpefeSieHHa TOKOB JlaHHOH i-#f  noCjaelOBATENLHOCTH

Lig-gy/ligz-yy (BO3-5); conporupJenne na pesie nmpH me-
cHMMeTpHYHEX K. 3. (B®3-6), a Takxke NpH CHMMETPHYHLIX
(Bd3-Ta); MomHOCTL o6pathofi B HyleBoli nocnefOBATENDb-
nocrell mepseunok uerm (BP3-76) u BTOpHuYMOK uenn
(B®3-16). KpoMe Toro, ¢ wuemnio MHRUMH3anEH obbeMa
BBIYHC/IGHAR COSZaHb! MOAYJM, KOTOpHE BEUHCISIOT pAa
SJIEKTPHUECKHX BEJHUHM NpH CHuMeTpuuHbix K. 3. (BP3-19)
H pecHMMeTpHuHLX K. 3, {B®3-21) B ycaoBHax 3alauHbiX
pPacueTHEIX pexHMos € JAONOJHHTENBHO  OTKIIOYeHHOR
BETBLIO (B YACTHOCTH, NPH KAaCKaIHOM OTKJFOYEHHH MECTa
NOBPEIKIEHHA) .

B B®3 rtakxke uUMEOTCH MOAYNH IJA BHIMMCAEHHN
SNEKTPHUECKHX BEJIIYHH TIPH HENOJAHO(EsHEIX DPERMMAEx
(B®3-18) u B ycioBHAX CA0MHOTO noBpexaennn (Bd3-23,
B®3-32/33), a Takxe AAs BbIMACIEHHS BAPHAHTOB YCTABOK
CTyNeHeH AHCTAHIMOHHBIX SalHT M TOKOBHX SaIUHT HyJe-



BOA  MOCAEJOBATENBHOCTH 1O YCNOBHAM COMNACOBaHHA
(B®3-17; B®3-19; B®3-22).

JonomuuTensHo paspaboTal BapHaHT UPOTPAMMH, Tpe-
Gyroupl MHHHMAJbHOTO O0heMa HCXONHLIX IAHHHEX s
BLMHCIEHHS H BHJ@YH Ha TNEYaThb OTAEIbHHX COCTABHHIX
Tabnan (¢ aproMaTHuecKH (HOPMHPYEMBIMH IHCNIETYEPCKHMH
HazpauusiMH OGBEKTOB), COOAEPKANINX SHAYEHHS SACKTPHYE-
CKHX BEJHYHH TPH K. 3. H HenOJMHOMA3IHLX DEXHMAX A
BHOOpa NapaMeTPOB TOKOBHIX 3aUfMT HYJeroll mocienoBa-
TeJNLHOCTH H AHCTAHUHOBHBIX 3dLUMT.

B kayectse apyroro nomoiHeHHMA k nporpamue SCIT
{17] » HBIl paspabotaH GQopMAT ODeYaTH OTAENbHHX CHM-
METPHYHBEIX COCTABJSAOLIKHE H (asHLIX BeNIHYHH TPH XK. 3.
0O Nofcam OT MEeCTa IOBPEXKJCHHA.

OtmvernyM, u4To Ha Oase nporpaMmbi Pacuera TOKOB
K. 3., paspaforamnoft B HM2J, CHOHpcKMM OTHENEHHEM
EHCTHTYTa OSueprocerbnpoekr (CO I1) cosmana mnpo-
rpaMma JJa DofiyaBToMaTHUeCKOro bBhGopa napaMeTpoB
OTAE/bHBIX THIIOB PeJeHHOl 3alltkThi, OTAKWYANILASCA Onpe-
JeleHHbiMH yao6cTBamH oOlleHHs Nosb3oBateds ¢ DBM
BTOPOTO NOKOJICHHS.

B OP3AVM 3CII paspaGoTara NporpamMma Ul awa-
Au3a paboThH pe3epBHEIX CTYNEeHed TOKOBHX 3alHT HYJeBoH
TI0CAEHOBATENPHOCTH TIPH SAMBIKAHHAX HA 3eMAD B Kaye-
<TBe pmonojisenus ¥ wporpamme 2CIT [17]. Auasns nposo-
JAxTea Ha Gase nporpammuoft (uudpoRoH) MOmeNH SAME-
THl— B XOJie pacyera, OPraHH3OBAHHOYO KaK TPONECC BO

. BpeiMeHH, TIPOBEPAIOTCA YCAOBHA CPAGATHBAHHA OTHEABHEIX
KOMIJIEKCOB 32lATH H ABTOMATHUECKY OCYILIECTBJSUIOTCHA
OTKJAKYEHHA JIMHKH, BrISBaHHBIe pabortoft LupOBHX Mome-
eil sammr. [TporpamMa Takike BBINOJHSIET PACYeTsl B pe-
MHMAEX CIOMHBIX NOBPEXNIEHME ¢ YUeTOM YCJIOBHE BOIHHK-
HOBEHHs DA3JIHUHEIX BHIOB K. 3. H paspueoB $a3 B pasimy-

Al [

an

Hil

Hble MOMEHTH BpeMeHH. JIpH aTOM MOXNGIO SaxaBarheA
5. . ¢. TEHEPATOPOB, HSMEHSIOUIMMHECS BO BpeMeHH (MOmy-
JH B YOJB 3. O. €. SajalTcs KYCOWHO-JHHEHHBIMH GYHK-
UHSMH BpeMeHH).

5. B 2CII paspafoTana KoMILIEKCHAsi BpOrpaMma pmet
pacyera wa 3BM TpeThero NOKONEHHS! K. 3. B COUETAHHH
C DOpefBapHTe/IbHHM ABTOMATHHMECKHM BSKBHBAJEHTHPOBE-~
HHeM uacrell cnoxuolt Hexonmo#i cet {62, 64]. B naumom
Cllyyae O[HOBPEMEHHO OCYLIECTBJISETCS SKBHBAJEHTHPOBA-
HHEe CXeM OT/ENBHHX NociefoBaTesibHocTel. Kpome Toro,
peasndsoBaH crlelMafbHEE cnoco6 mo o6MeHY HCXOLMOH
HEpopMAauHell H DPOMEXYTOUHEIMH Pe3yJbTaraMi pacuera
MEXAY ONEepaTHEHOM NEMATHIO H BHEIUHeH DaMAThIO (JHC-
kKamy) ZBM Tperbero noxojenus. B pesynwrare oGecmene-
Ha BO3MOIKHOCTb TIPOHM3BOIHTL SKBHBA/IEHTHPOBAKHE MCXO[-
noff CXeMbi NPaKTHYECKM HeorpauHueHHoro obsema (1000
yanoe H Gouvine). Ha nocrexyrompx stanax nepeg pacue-
TAMH TOKOB K. 3. aBTOMATHUECKH NPOH3BOLHTCH OOBEAHHe-
HHE NOJYYeHHOro SKBHBAJEHTa B BHOE AKTHBHOIO0 NOJHOro
MHOTOYIOJIBBHKA C COXPAHAEMOIl YaCThI0 CXEMHL

Ilpr paspaboTke nannofi mporpaMMbi yYTEeH ONBIT 3KC-
nayaTauHH nporpaMm s 2 BTOPOr0 TOKOJIEH#A (CM.
mn. 2 » 3). [lporpamma omiuyaercs GONBIIEMH BO3MOXKHO-
CTAMH B TOCTAHOBKE OTHEJbHBIX 3aJay NC ONPEAEIEHHIO
SJIeKTPHYCCKHX BEJIHYHH JAA peneifiHofi samurei. MwmeeTea
BO3MOXHOCTL YYHTEIBATh DadJiHYHbie TO MOAYAKC M (hase
HCTOYHMKH THTAHHA B CETH ¢ CONDPOTHBIEHHAMYH B BYLE
KOMIJIEKCHLIX BeJIHYHH THPH yyeTe B CIy¥ae HeoOGXooHMOCTH
EEONHHAKOBLIX COYPOTHBJIEHHI fipaAMoll # obpaTHoli mocne-
L0BaTEJBHOCTEH, CONPOTHBACHHA B3AHMOHHIYKIHH HyJeBoH
TNOCNENOBATONILHOCTH JAJA NPAKTHYECKH HeOrpaHHueHHOIo
KOJHUYECTBA NApaJUeNIbHEX JIHHHH, a Taxkie TpaHchopMaTo-
PHl, yro NO3BoJIAET HeNocPeACTBEHHO BHIYHCIHTL HATYPAlb-
Hble TOKH H HAUDHAMEHHA NPH y4eTe, B HACTHOCTH, HEOJH-
HAKOBBLIX K0S)IHUHEHTOR TPaHCHOPMALIKA.

Ilpepcrapnsercs BO3MOXKHHM BHYHCIAHTE HE TOJBKO
TOKH H HATDSXKEHHS OTHENBHBIX TNOGIENOBATENLHOCTEH, HO
Takme (azHHe BelH4YHHE, COOPOTHBJGHHA H MOIIHOCTH
B MeCTaX YCTZHOBKH SaIlHTH (Ha pesie) B YCJIOBHSX K. 3.,
HENoJMHODASHEIX PEKHMOB H C/OMHEX noppexaenuin. [lpu
9TOM K. 8. MOT'YT PACIOJIAraThCA B NPOMEMYTOYHLIX TOYKAX
JquHuii Oes BBeIeHHA AONOJHHTENbHLIX YS/0B, B YaCTHOCTH
OpH KacKaJlHOM OTKJIOWEHHH MecTa noBpexfenHsa. B mMecre
K. 3. MOXHO 2BTOMATHUECKH YCTAHABJHBATH NEPEXOLHHE
COTMPOTHBNEHHH, INpHUEM B oOO0mEM CAyyae pas/IHYHbE
B OT/IENBHBLIX (pasax.

Jas yno6erea aHasHsa Pe3ysbTATH MOCYT BhHIIABATHCA
Ha Iedath B PasJHYHHX (opmatax ¢ PHKCHpOBAHHHM Ha-
GopoM BHUHCASEMBIX SJNEKTPUYECKHMX BEJHUHHM A1 BCex
pacueroB, a Takxe ¢ Habopom SJCKTPHYECKHX BEJHYHH,
KOTOpHIl YCTAHABRJIWBAETCA NOJL3OBATENEM B LaHHOM pac-
YeTe.

6. Hinxe paccMaTpHBAlOTCs HEKOTOPHE BOSMOXHOCTH
paciiApedEsl o0iacTH TPHMEHEHKA CYUIECTRYIOLIHX IIpo-
rpaMm A8 pacueTa TOKOB K. 3. Ha IBM proporo noko-
JIeHHH.

4-2. PACHET ABAPMHHBIX COCTABNSIOWMX
TOKOB K. 3.

1. B § 2-1 ormeveHo, yTO IAA OJIpENEIEHHA TOKOB
B MeCTe K. 3. H COCTABAAWINHX HyJenoit H o6paTHOH Nocie-
HOBaTEJBbHOCTEH Ha@ OTHENbUHBIX YYaCTKaX AOCTATOYHO Onipe-
LeHTh TOJMbKO COOCTBEHHO aBapHfiHHe COCTABJRAIOILHE TO-
KOB K. 8. [lis sToro TpebyeTCcs HCK/OYHTH -H3 CXEMEI 5. [. C.
TEHEPATOPOB H TPHJOMNHTE B MecTe K. 3. CXemul NpsmMOf
NOCNeL0BATENLHOCTH HENDsAXEeHHEe, pAaBHOE HaNpPAMXEHHIO

Pue. 4-1. Cxema 3amemieHHst AAf PacyeTa aBApHPHLX CO-

" CT4BAAIIIAX TOKOB K. 3,

@ — cxeMa Sameu(eHHs NPAMON NoCNEJOBATENBHOCTH NpPH BHIIOUE-
HHH Hanpaxenwh U“ BO BCE BaTBH, CEASBHHEIE ¢ HYnescH TowHo;

6 — HOMILJIEKCHAR CXEMa SaMelleHHf.

lNMprumevanre 3uaueHus Z B cxeme no puc. 4-1,6 mpu
pPasHHX BHAAX K. 8. lambl B TaGn. 4-1,
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Userp B 3TOM MecTe'B TpeAIIECTBYIOIEM HalrPy304uHOM pe-
MEMe. ITO HallpsIKEHHE € HeKOTODHM TPUOMIDKEHHeM MO-
merT OuiTh NPHHSTO paBHEM HOMHHAALHOMY Halpsixe-
HHI0 Uy,

B nporpammax mns 3BM sToporo nokonéHus Takas
BOSMOHOCTL He IPEeAyCcMOTPEHa, B CBH3H C YEM HHIKe pac-
cMaTPHBAIOTCA JiBa cnocofa pelleHHs STHX 3ajay, UCXOAM
H3 NPHHLHIA HAJOMKEHHS.

2. Ilnst pacvwera aBapHiiHEIX COCTABASIONIHX TOKOB pas-
HEX BEOB K. 8. HEOOXOAHMO I[PHMOMKTb KO BCeM HeHTpa-
MM CXEMB! UPSMOH NOCHEHOBATENLIOCTH (reHeparopos, Ha-
TPY30K, TIOMEPEYHBIX eMkocTe#t) 9. A. ¢, paBHee Us,
a 3. A ¢. renepaTopoB HekafounTh (puc. 4-1,a). Ipr stom
nporpaMuoli ofecoevHBaercs BHIAAYA HA TEYaTb DapaMeT-
poe apapuiinoro pewuma. LelicTBHTENLHD, B pacemaTpuBae-
MOM CIyuae, HOCKOJNbKY NMPHJIOMEHHEE K HEHTPal¥ CXeMEl
5. A. €. pasubl Mempy coboit (puc. 4-1,a), Harpysounue
COCTaBJIAICIIHE TOKOE OTCYTCTBYIOT, 8 3HAYHT, Ha NeYyats
GYAYT BLIABATLOS TOMBKO apapuiible COCTABJAOIINE TO-
KOB K. 3.

[Ipn GonblioM uHC/IE reHEPATOPHBLIX ¥ HAPY30MHBIX
BeTBEH, @ TAKKe NpPH OGOJbLIOM 4EoNe AJHHHBIX JHHEEH,
KOrma Tpefyercst yueT MNOMEPEUHHX eMKOCTed, CXeMa 0o
pHC. 4-1,0 OTIHYAETCH MSBECTHOM CJIOMXKHOCTBIO.

3. Ilns To#t ke Neam mOKeT GHITH. HCNOAL30BAHA KOM-
OneKcHas CXeMa saMenleHHs no puc. 4-1,6, B KOTOpOH, Kak
H3BECTHO, CXeMEl OT/ENLHEIX TIOCHAENOBATENbHOCTEH Coeiu-
HFIOTCA B COOTBETCTBEH C TPAHHYHBIMH YCJOBHSMH B MecTe
K. 3. B cxeme mo puc. 4-1,6 B KauecTee 5. A. C. HCNOJB-
syerca Hanpsmende Uwarp B HATPY30UHOM PEiKHME B MeCTe
nocieayoniero K. 8. [ocienoBatentho ¢ Usary NpeaycMor-
pero neGouasmoe conpotupienne ro=~0,5 Om. Touxkn Ki,
Kirr v Ky B cxeme mpAMOH NOCHEZOBATENLHOCTH, TOUKH
Ko, Ky 1 Kgrir B cxeme oOpaTHOM DOCKEHOBATENBHOCTH
u Kor, Korr B Korzz B CXeMe HYAEBOH NOCJeZOBATEIBHOCTH
cootBercTByIoT yanam Ki, K1 v Kirr, B XOTophiX paccmaTt-

upatorest K. 8. Conporvpnerus Z,, Zy, Zo, 2", Z'5, Z'o ®

Em Bufupatorcest mopagka 108 OM ¥ sameHsliOTCH TpH
OTHeJBHEIX BUAAX K. 8. Ha conporhsnenuss 0,6—1.0 Om
B COOTBETCTBHM C Taby. 4-1; conpoTHBNeHHe Zig DpPHHH-
maerca 0.5 Om.

Tatnuma 41

3nayensna conpoTMBreHnl B cxeMe no pec. 4«1, &

Conporrpnenns
BHA 3aMbiKanust

zlza |z |z |z ]2 | 2
Mexay Tpems Gasamu { — | 4+ |+ | — |+ | [ +
Mexcny meymsi pasama | — | — |+ | | = | +| <+
Ha semmo opofidase | — | — | — [ 4 [ 4| 4+ | —
Ha semmo nsyx ¢as | — | — | — |+ | — | — | +

OGosmagersn: +—I10% Op; — —0,5 Om.

Ons ppasuibHOM PaloTel JOTHMKH WPOTPAMME! pacuera
TOKOB K. 8. paccMmaTpueaercs tpexdasHoe K. 3, B Touke Ky,
OpPHCOEAHHEHHOA K CXeMe vuepes CONpOTHBIeHHE Zg=—
=10¢ Om. Ilo puc. 4-1,6 onmpenensroTes TOMBKO COCTAR-
JAOUINHE TOKOB, 00yCloEAeH b 9. A. €. Uyarp, KOTOpHIE GO
CYIIeCTBY HABASIOTCH TOKAMH aBapHHHOIO pexHMa npH
K. 3. B opHo# K3 Tovek Ky, Kuir v Kir.

Cxema mo prc. 4-1,6 xapaktepnsyeTcs CAERYIOLIEMH
0OCOOeHHOCTAMH:

a) B cBasH ¢ HeOOXOZMMOCTBIO XpaHeHus B QlEpaTHB-
HOH NaMATH OJ(HOBPEMEHHO BCEX TPeX NOCHe/OBATEeNLHOCTEH
NPEeACTaBAACTCH BO3MOMHEIM IPONSBOBMTE DACYETEl TUKOB
K. 3. B CEeTAX C MaKCHMANLHBIM YHCIOM Y3JO0B, NIPHMENHO
B 3 pasa MeHbIIEM, 9YeM OpH OOCBIYHOM HCNOJIB30BAHHK
APOr PaMMBL

6) Heobxumxmo mpesycuMoTperh FONGIHHTENLIO B CXe-
Me 10 pHC. 4-1,6 peauTesabHBIC CONPOTHBMEHHS Zyg H Zsg
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B 0,5 Om mas Toro, uroGu Haberkarb NpHCOEAHHEHHR DOMDL-
LIOT0 YEC/Ia BETBEH K OJIHOMY Yany.

B) Hanpsmenvs ofpaTHol H HyJeBOH DOCAENOBATENDb-
HOCTEH TIpH 3aMBIKAHKSX Ha 3eMmo onmoll dasw onpefe-
JIIIOTCH HE HENOCPEACTBeHHO, 4 KaKk PasHOCTh HanpsKeHHH
B paccua'npusaemoﬁ TOUKE H B HauaJe CXEMEl COOTBETCT-
BYIOIUEl TOCHE/I0BATe/ILHOCTH 1O OTHOWEHHIO K HYJEBON
TOYKE KOMIIEKCHOW cxeMbl 3dmernienns. O7iHaK0 HaOpsie-
HHs 06paTHOH TOCAeNOBATE/ILHOCTH TIPH 34MLIKAIME ABVX
das Ha semmo H GE3 seMAM NOJIYYAOTCH C OGPATHRIM
3HAKOM.

r) TIpe pacyerax K. 3. B # TOYKaX CXeMEl Tpefiyercs
OpenycMOTpeTh AONOJIHHTENBHO 371 BETBEH € COMPOTHBAE-
HESME Z=10°% YyT0 sBASETCS HELOCTATKOM 3TOrO MeToma.

B cxeme no puc. 4-1,6 ana napaineJbHBIX JHHERH
C B3aMMOMHAVKIHEHi B HYJE€BOH NOCNENOBATEJILHOCTH . Cle-
ayer © ofmeM cTygae HCOGAL3OBATL CXEMBEl 3AMELICHHS
C 3JIeKTPHYECKHMH CBR3INMH. an DpHMEeHCHEY IporpaMMbl
SCIT[17] moxHe BMecTO mochenHel 3anaBaTk B HCXOAHEX
AAHHBIX 3JEKTPOMArHHTHO CBAS2HHLIE BETBH.

C yverom yxasauneix ocobennoctell cxem no puc. 4-1.¢
B 6, MOXET OHTh NPHHATA JUIS ONPEREJEHUS ABAPHITHLIX
COCTABNSIIOIIKNX TOKOB K. 8. Ta WIH Jpyras CXeMa B 3aBH-
CHMOCTH OT KOHKPETHHIX YC/OBHIL

4-3. PACHET HA 3BM HATYPAJIbHBIX
{MCTUHHBIX]) TOKOB MPM K. 3. B CETAX
€ HECKONLKMMM CTYMEHAMM HAMPSIKEHMA

1. Kak yrasawo ® § 2-4,B, npéacrasnenre tpancdop-
MaTopOB B CKEMax 3aMelICHHS SKBHBaJEeHTHEMA [1-06pas-
HbIME cxeMaMi (cM. puC. 2-15,6 u 2) nmO3BOJReT Henmocpen-
CTBEHHO MOJMYYETb B pesysnnTate pacdera na DBM maty-
PanpHEIE 3HAYEHHS TOKOB M HATpPsKEHEM HA PA3HBIX CTyne-
HAX HANPAMEHHEA.

OcoGennoctn I1-06pasnofi cxembl Samemlenns Tpasic-
dbopmaropon, npescrapnsomic# coBoft pe3OHAHCHBIL Tpe-
YroMbH#K (cymMmMa COMpOTHEJAEHMH BeTell kOTOPOro paBHa
HyJI0), CTABAT BECHMa BEICOKHE TpeDoBaHHA K TOYHOCTH
pacueTa NapaMeTpOB 3TOHA CXeMEL.

nporpamme a7 DBM tpeteero Doxonemms (cM.
§ 4-1, n. 5) yrRasaHHBE NapaMeTPHl BEMMCASIOTCH ABTOMA-
THYECKH C HOCTATOYHC BEICOKOH TOYHOCTHID HA OCHOBaHu@
3aJlaHHbIX SHAYEHHH CONPOTHBJERHA paccesius Zr ¥ RO3)-
¢uunenra tpancdopmanur Tpancdopmaropa. B rporpam-
Max g OBM Broporo moxoJenus NOML30BATENh ROIKER
-3apapath 3TH NapameTpel. Kak NOKa3wBaer ONBIT BLITOJ-
HEHHS COOTBCTCTBYIOIIHX PACYETOB C HCMONB30BaHHeM SBM
BTOPOrO NOKOJEHHA, NpH HeGOMLINOH HETOYHOCTH B 3afaH-
HEIX Tmapamerpax IT-o6pasHoii cxeMnl SaMemenus Tpasc-
dopmaTopa BO3IMOKHDBI HEHONYCTHMEIE NOrPEILHOCTE B pe-
3yabTaTaX pacyera. ;

B cessH ¢ sTHM Ass ofecneueHus HBOCTATOMHOH TOYHO-
CTH pacyeTda HAaTYPAJLHLIX TOKOE ¢ HCIOJAL3OBaHHeM SBM
BTOPOTO MOKOJEHust HenecooSpasHo nprmenenye I1-oGpas-
HBIX CX€M B ABYX BapHaHTax (puc. 4-2,a, 6).

2. B exeme mo puc. 4-2,a (I) npmisto zus Tpancdop-
MaTopa cOnpoTHBIeHHe Z';, KOTOpPOE OT/IHYAETCH OT Aeil-
CTBETEJILHOrO CODpOTHBNEMHS TpaHcopmaropa Zr, 0OpH
STOM DOCTEAOBATENBHO B IENb TPaHCHOPMATOPA BHRIOUEHOD
KOMOEHCHpYIOINee conpoTurienre AZ=Z,—2Z',, Cocras-
ME€HHAR B COOTBETCTBHM ¢ aTEM Il-00pasuas cxema same-
WleHH#A, aHAJOrMYHas cxeMe no pec. 2-156, pana ma
prc. 4-2,a (2).

3uavenne Z'y NPHEEMAETCA HCXOXA M3 COOTHOLUGHHS

Z'y=Nky (hz—1), (41

TAe ko — sapausmiél KosOHUEEHT TpancdopMalum Tpac-
¢dopMaropa, a N — RoshuIHEHT NPON3BOALHOrO 3HAUCHHUS,

Ilpu Takom BEGOpe CONPOTHEBJEHNS Z'r SHAYEHUR CO-
NPOTHBNEHHUN SnemeHTOB [l-o6pasnofi cxemer sameutenus
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Pue. 4-2. Bapuautal npeXcTaBleHHs TpaHcopmaTopa
IT-o6pasHeiMH cXeMaMH SaMeleHys,

@ — Wenonb3cBaKue Ans cocrapnenns [l-o6pasRofi cxemml samenne-
Hus conpoTusyenns Z',, oTaAmuHoro of Z.; 6 — MoAxduKAUMA CXe-

ME 1O pHC. 2-15,6.

B COOTBETCTBHH € pHC. 4-2,a (2) pasHL:

R=N (kr—1) (4-1a)
§=— Nk,

Ilpr cooteerctBylotieM Bribope kKoadduuuenta N
ofneryaeTcss TOYHBLIH pacyeT BpPYYHYH) CONPOTHRJAEHHI
IT-obpasnoll cxempl saMenleHHsi H obecnieyHBaeTcs paBeH-
CTBO HYO KX CYMMBL

INpaxthueckn 1o (4-1a) MOXHO ONPEfENHT: TOJILKO
snauenust P w S, nocne uero onperenseTcs 3Hauenve R
Kak Mx cymma c o6patHeM sHakoM. Ecam npumsts N=I,
10 P=]; S=—Fk:; R=—(P+S) =ks—1.

Komnencnpyouee CONPOTHBAEHHE ONpepefiserc ¢ MO-
Moo (4-1)

AZ = Z—Nks (ki—1), (4-16)

TIpHYEM BO3MOXKHOe HeGOabIIOe OKPYIJIEHWE Pe3yAbTATOR
npu onpepenchnn Bpyunyo Z’y no (4-1) He BAHRET Ha
pe3y/bTaT B CBR3H C ONpEJEcHUEM KOMIIEHCHDYIOIIEro co-
nporrenenns AZ no (4-16).

B cxeme pno pHe. 4-2,a (2), cotTaBieHHOH B COOTBET-
CTBHH C IIpHBEAECHHLIMH ITONOMEHHAMY, BKJAKYEETCH KOM-
neHcHpywoulee conporupiedne AZ=Z,—Z'y. D10 compo-
THBRJAEHWE MOMeT DOHTh paspefieHo Ha ABe YaCTH H BR/KYE-
HO ¢ oGoux xounos Il-o6pasHoft exembi: 0AZ H (1—a) X

A
b 4 g2, 9™ <nocoGCTRYeT HeNMOCPeACTBeHROMY 3aMepy TO-

KOB BX0LOB ¢ 0Gemx cropor TpaHchopMatopa (CM. HpH-
mep 4-1).
p3. Cxema mo pue. 4-2,6 mpepcraensieT MoRM(HKALHIO
[T-o6pasHoit cxemul 3aMeliesHs pHC. 2-15,6, B KOTOPOH CO-
MPOTHB/ICHHE 3JEMEHTOB PABHO NMHG0 ==Zx, NHOO *+Zi/[R,.
B cBs3u. ¢ sTHM HeGoAblias omkOKa OKPYTJIEHHA NpPH BHI-
YHCNEHHH BPYYHYIO OTHOWEHHS Z./R: NPH 3anauHOM 3Ha-
yeHnd Z, We HapyIIaer COOTHOWICHHH, NPHCYIMX pE3OHaHC-
HOMY TPeYFONLRHKY, HO BJHsleT JHIWE HAa TOYHOCTD
Koa(punmenta TpaucopMaluH, KOTOpHit B AelCTBHTEND-
HOCTH OOecneuHBaeTcs CXeMo¥ 3aMelieHHs No pHC. 4-2.6.
4. B Tex cayuasx, KOTAa TOKH Harpy304HOrO peHMa
H3BECTHBI, 4 TaKKe Korpa TpebyeTcs ONpEJieIEHHE TOILKO
TOKOB 06paTHOM H HyJeBOH NOCNEROBATEILHOCTEH, MOXKHO
OFPAHHYATLCS PACUETOM TOMBKO COCTABMSIONIHX aBaPHIHOTO
pexuMa K. 3., UCOOJb3YS BaA STOrO CXeMbl SaMelileHus N9
puc. 4-1. 370, KaK NpaBHlO, CHHMKACT BO3MOMHOCTL MO-
ABJIEHHs TOrpeliHOCTeH B Pesy/bTaTaX pacuera dfeKTpuye-
CKHX BefHYHH NPAMOil NocNefoBaTeNbHOCTH. YKasauHoe
O0BbACHAETCH TEM, YTC NOrPEIHOCTH pacyera TOKOB K. 3.
B MepPBYI0 OYepepl MOTYT NpONBUTHCA B COCTABJAIOLIHX Ha-

TPYSOHHOIO DEXHMA H3-32 TOrO, 4TO HAUPSIKEHHA OTAEb-
HbiX Y3M0B B 3TOM PEKHME, [0 KOTOPLIM ONpeRenfloTcH
COOTBETCTRYIOULHE TOKH, OTHOCHTE/ILHO Majlo PasliHuaTest
Mexpy coGoii.

5. B mesom pesyAbTaThl pacuera HATYPAJLHEIX TOKOR
Ha 3BM noasemxar nposBepke myTem OOIEH KayecTBEHHON
OUEHKH NOCTOBEPHOCTH HX H B MepBYK Ouepeflb KOHTPOMO
NPaBHALHOCTH HOJYYEHHOrO RosQipHiHenTa TpaHcopMa-
LHK ke MO COOTHOWEHHIO TOKOB €O CTOPOH JBYX BXOROB
TpancdopmaTopa.

B npumepe 4-1 HAMOCTPHPYETCH pacdeT HATYpaibHbIX
TOKOB B CXeMe ¢ TpeMs CTYNEHEAMH HaupsmxeH#s C No-
MOWLIO CXeMEl 3aMelleHusi Mo pHe. 4-2,a (2).

4-4. OCOBEHHOCTH YYETA SNEKTPOMATHHTHO
CBSASBAHHBIX NMHMK B CXEME HYNEBO#
NMOCNEQOBATENLEHOCTH MNPH UCNONL3OBAHHM
NPOTPAMMEI 3CI 019 3BM BTOPOTO NMOKONEHHSA

A. Obuime nonoxmeHus

Kak otweueHo B § 4-1 (u. 3), ocHOBHasm nporpaMma
BHCTHTYTa DHepTOCETILIPOSKT XNfi pacueTa TOKOB K. 3. Ha
2BM BTOpPOro NOKOJEHHA NO3BOJISET YYHTHBATH ABTOMATH-
YECKH COMPUTHBJICHHE B3aHMOHHAYKIUH He Gonee ueM MexX-
Ry TpeMms JIHHUAMH B HyJfieBoil NocaepopatespHoctd. Coe-
UHANLHOe JIOMoNHeHHe K 3TOfi NporpaMme peluaer sTy 3ala-
4y Ins NpPakTHYECKM HeOrpaHMYeHHOrO KOJMHYEeCTBa mapain-
JeNBHLIX Ayt JIns NoMHOTH HHe paccMATPHBAIOTCS HBa
APYrEX pelucHus, 00,acTe NPHMEHEHUs KOTODHX NpakTHue-
CKH OFPAHHUHBACTCH CYuasAMH, XOTld HMEeTCs OTHOCHTellb-
HO HeDOJbIIOe YWCNO Napa/iesbHuX JHRHR (n<6).

B. PazbueHne 3nekTpOMarHuTHO
CBA3@HHBIX NIMHWH Ha TPYNNbl € HUCAOM
B3aMMOMWHAYKTUPYIOLMX BETBEH B KaMm[oW
He Gonblie Tpex

1. TIpu uHCcne napannenbHHX AHHHI Goablre Tpex npef-
CTaB/feTA BOSMOMHLIM aBTOMaTHUECKH YVIHTBHIBATE B3aHMO-
HHRYKIHIO HYJeBOit NocnefoBaresbHOCTH Ha IBM nyrem
pasOHeHHS NHMHHA Ha rpynNbel H BBEHNEHHST COOTBETCTBYIO-
ULUX JOTIONHHTENBHLIX Y3JI0B C TeM, uToOu B KaMjuoH rpyn-
e yyacTBOBaJO He: Oosee Tpex B3aHMOHHAYKTHPYIOUIHX
BeTBeil.

Ha pHe. 4-3,6—8 noKa3alel NpHMEpH BHIIOJNHEHHS Ta-
KOro pasGeHHs COOTBETCTBEHHO HA TPH rPYNNLI AJf UYeThl-
pex napaZnenbHHIX JHHHNA, HA YeTbipe TPYINLL Adf OATH
napase/bHEX JIHHHH H. Ha CeMb rpynn AJf IIecTH napad-
JeNbRLIX AHHEAR (TpH HeyueTe noONepeuHBIX eMKOCTelt B npe-
hefax paccMaTpHBaeMbix y4acTKOB JHHHE). Ilpuw stom coB-
CTBEHHbIE COMPOTHBNEHHA JIMHHN JAENSTCA Ha HacTH B COOT-
BETCTBHH ¢ pasfueHHeM napaiienpHuix neumit. Ilpu
6o/pllieM uHMCAe AHMHHI AHAJOrHYHblE CXCME 3aMelleHHS
BeChMa YCJAOMHATICA.

2. Ha pme. 4-4 noxasano pa3bueHHe NapaienLHbX
B3aUMOHHIYKTHPYIOIUMX JHHME Ha rpymOnbl AJAs CcayuHaes,
KOrja Ha OAHOH M3 NMHHHE paccMaTPHRAETCA 3aMblKAHHE Ha
aemyo (NpH HeydYere NOUEpPEYHbIX EMKOCTeh B mpefenax
paccMaTpuBaeMblx ywacTKOBR JHumi)., T[IpE ABYX mapan-
nenbHEX nuuHAX (pre. 4-4,a) NpeACTABAAETCH BO3MOMHbIM
paccMOTpeTh ORHY Fpyniy H3 Tpex CONPOTHBICHHMME, KOM-
GHHHpYS 49acTH TOBPEMHCHHON JHHHH C ABYX CTOPGH OT
MECTa 3aMLIKGHHS Ha 3eMJI H HEMOBPEM IEHHYK JHHHMIKD.
Jan Tpex nmapasneqbHBIX JIMHHA € 3aMplKaHHEM Ha 3eMJIEO
Ha oaHoi ¥y HuX (pHC. 4-4,0) TNOK232HO DellleHHe ¢ pas-
OueHHeM Ha JBe CPYIMbi; B cXeMe No pHC. 4-4,6 HMeercs
BO3MOMHOCTE PacCMOTPeHHS TNOBpeJeHuit Ha noboH u3
auapit (B Toukax 2, 5 ® 8). Axanoruyno momer OHTL co-
CTaBNeHa CcxXeMa 3aMelleHHs HYJI@BOﬁ nocnenoBaTeNEHOCTH
IaA verbipex H GoJee napa/vielbHEIX JMEHE, Ha moboil us
KOTOpHIX TpefyeTcsi mpeiyCMOTpeTb BO3MOMKHOCTL HMHTE-
IHA K. 3.; OpH 3TOM [JA uacTeil JHHHY CAieBa H CUpaBa OT
MeCTa K. 3. HCHOJb3YIOTCH CXeMbl HO puc. 4-3.
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i = } g;{ 1 Puc. 4-4. PasCuenve wa rpynnm gsyx (¢), Tpex (6) ¥ ue-
i =z s a1 THPEX (8) NapaniejbHbX BSAHMOBHAYKTHDYIOIIMX NHHMI
)
7 o——H oy B CXEME HYJIEBOil NOCIENOBATENLHOCTH NpH SAMHIKAHHH HA
L 9 L i 9eM/I0 HA OAHON HS HEX.

3. Ha pmc. 4-4,8, UPH HCHOJALSOBEHHMH TOTQ JXe IpHE-
UHia pasCUenHs Ha IPYNNH, KaK Ha puc. 4-4,a, fokasana
BO3MOXHOCTh fJf YeTHpEeX MapallelbHEX JMHKH € SaMbl-
KaBieM Ha 3eMJ/II0 Ha OJHOM M3 HMX OTpaHMuHIbca pasbue-
HHEM Ha YeTHpe rPYMNH BMECTO INECTH NPH PacCMOTPERUH
gacTedl Nduull cAeBa H cnpaBa OT MecTa SaMBIKalHSA Ha
8eMJI0 He3ABHCHMO ojHy ot gpyroii. OgMako mns umura-
1M 3aMBIKAHLS HA 36MII0 HA JVYHHH, oinvaHOl OF yHKasan-
#olt ma puc. 4-4,8, Tpefyercs Coibllias nepecTpoiika cxe-
ME], B CBS3H C 4YéM ee HPHM&HEHHE OrpanuueHo.

Cocrap/icHie cxem 3aMellleRHst Napa/uUiesibHbIX JIHIHE
€O BIAUMOMHIYRUHEH NPH MCNONL3OBAHHH PACCMOTPEHHOrO
cnocoGa pasGyennsi JAMHHH Ha YacTH HIVIOCTDHPYETCA MpPH-
MepoM 4-2 pJs IecTH Napa/neNbHeX JIHHHE.
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B. MNpumeHeHme B KauecTee MCXO[HOM
MHPOPMELIMKM © 3NEKTPOMAarHMTHO CBS3AHHBIX
NMHKUSAX CXEMbl 3aMELLEeHMs B BUAE MONHOro
MHOrQYroneH1Ka

1. 3nece paccMatpuBaeTcs pelliedine, B KOTOPOM napa-
MeTPB! (CONPOTHBNEHHA BETBei) CXEME! SaMElleHH] C SNeK-
TPHYCCKHMH CBSIGSIMH B BHIE NOJHOTO MHOrOYrOJbHHKa sa-
[ARB B KaYeCTBe HCXOOHBIX NAHHEIX AJs pacueta na SBM.
CrefiyeT DpH 9TOM NOLYEPKHYTb, 4TO NpH CONBLIOM UHCHE
SJEKTPOMATHHTHO CBHSAHMMIX JHHHA KONHYeCTRO BeTBeik
CXEMBl CMeIleHHs DOMHOTO MHOTOYTOJbHHKA CTAHOBHICH
OonpLuMM, a MOTOMY SaNHCH HX B KauecTBe HCXOAHEIX Han-



HpIX flocTaTodBe tpymoemka. Ilosromy paccmarphBaeMoe
HHIKE pelleHpe NMPHEMAEMO YPH CPaBHHTeNbHo HeGoJbLIoM
yHese NapannenbHeix MHUR (n=4, 5, 6).

2. Ilan onpepeseHusi napaMeTpoB BeTBed MHOrOyrodib-
myuKka B Npuaoxesnd 4I1-1 oprBomuTex mporpamma obpa-
TIEeHHA M&TPHH KOMIOJEKCHEIX cofCTBEHHBIX ¥ B38HMHBIX CO-
TIPOTHBJIEHRH J_[paccma‘r HBAEMEIX MHEUH, SaIHCAHHAE Ra
s3pike AJITOJI-60 [40f OpEMeRHTEIBEO K 9BM B3CM-4.

B KayecTBe aNrOpHTMa MPOTPAMMBbI HCTIGIB3YIOTCS CO-
OTHOWEHHs1, NpHBeAentwe B {50].

Marprup noaHbX conmpotHBaenuit Z=R-+jX H nposo-
aumocrel Y=0-+4jB apamorca BsagMHO oOpaTHHIMH, OTKY*:

IR (R4 (GHB) =1, )

IpousBoxst YMHOXeHHe MATpHIl H NPHPABHAB COOTBET-
CTBEHHO JneHCTBHTeJbHEIE H MHHMBlE wacTH B (4-2), mo-
JIYUEM:

RG — XB =1;
4
XG4 RB==0, | 4
OTKYDA
B=-—(X+ RX-R)-%;
G=—X-'RR, } =4

OfpauieHssie MaTpHIbl, BXoAsilHe B (4-4), onpene-
JIAOTCA N0 H3BeCTHOMY MeToAy Mlopnana ¢ BHGOpOM TAaB-
HOTO 3JIeMEHTa.

B nporpamme, npuBejgednclt B npunoxmexud 4I1-1, Bei-
JAI0TCA Ha TeYaTh HCXOAHAA MATPHIA CONPOTHBAEUHH JH-
#uit Z, oOparHan marpena NpoBopHMocTe Y H pesyibTH-
pyiomas Marpuila CONPOTHBJEHUN, OTHeNbHEE 9JeMEeMTH
KOTOPO#l OHpEAENARTCA N0 COOTHOIIEHHIO

1
Rp + jXp S ﬁ“'{—“—!—B, (4-5)
cne Rp ® Xp— aKTHBHbBIE M peaKTHBELIE COCTABIRKKIFE
SAEMEHTOB PE3YALTHPYIOMIER MaTPHi(hl cOMPOTHBIEHUH.

C nomoublo yKasanHoil MaTpHIE! PE3YALTHPYIOLMX €O~
I’IpO‘TI’[BJ'IBHHﬁ COCTaBJAeTCA CXeMa 3aMeueHHs B BHIE NToJa-
20502 PI:&!HGI‘OYFOJ’IBHHKS B COOTBETCTBHH C YKaSaHHAMH

LA

Crnepyer oTMeTHTb, 4TO paspaGorannasi nporpamma mo-
3eT OHTb HCNoMdb3OBaKHa H B CAydasiX, Korjla B HCXOEMOH
MATPERIE YUYHTLIBAKOTCA TOJMbBKO PEAKTHEHBIC CONIDOTHEBJIEHHA
{R=0); npu stom B HCXOMHGH miOpMALHE BCE CONMpPOTHE-
JIEHHS HOMMHB ObiThb 3anucakul B BHle Z==04jX.

Hcnionbaosatine npuloxerxs 4I1-1 manocrprpyeres
fnipeMepoM 4-2 pas 6 mapanJienbHbIX B3AHMOHHAYKTHPYIO-
UIHX JTEHEH,

3. Ona pacyeToB SaMEIKAHHIl Ha 3eMJI0 B HpPOMEXY-
TOYRBIX TOUKAX IPYNIB NAPAJIENLHEIX B3aUMOBHAYRTHPYIO-
iNHX AHHAN, OPEACTABAEHHEX B HYJIEBOH HOCNEIOBaTENbLHO-
cTH cxeMoli SaMenieHHs B BHJAE HOJHOIO MHOTOYTOJBHHKA,
Mo¥eT ObiTh HCIONb3oBaH CHocol pelleHHs, NPHBEmEHHBIH
B § 3-2,Bb r npunoxwennn 31-3. [pu srom rpebynrea arwb
.HeQoJbIIHe M3MEHEHHS B CXEME SaMelleHHA B BuAe MOJHO-
rc MHONOYIOJILHFKA, COCTABNEHHOTO O/ TPYNOB JHHH{ NpH
OTCYTCTBHH 3amuiKanmHii Ha seM0 B Dpejlelax paceMarTpH-
BaeMulX JigHHA. 3ToT Meros ymobeH TEM, UTO MNOJHOCTHIO
coXpausiercs HpHHATHIE Clioco0 COCTaBAEHHA  CIHCKOB
HEXONHLIX JAWMEX, Oofiexamux BpejeuHio 8 3BM pns
PacyeToB TOKOB K. 3.

Jnsn pacdeToB SaMBIKAHMA Ha 3€MI0 B MNpPOMeXYTOU-
HBIX TOYKaX SJEKTPOMACHHTHO CBASAHHLIX JHHHH MOIKer
ObiITh TAKWE KCIOJb30BaH CleHHa;LHO paspaboraHHull Mo-
Hydb, BXOAAu(il B cocTae OHOAHOTEKH (YHKIIHOHAIBHEIX
sapuceMoctelt (B®3) (cm. § 4-1, n. 4) ¢ muppom 25.
OcHoBRbie NpHELHDe  pabotel B®3-26 pmaem B {27,
pasn. 4I1-1]; cocTaBieRHe HCXORHBIX AAHHEIX OTAHYUAETCH
gpocroroll. Takoe pemenne ynofHO 7eM, NTO HNOZBOJSIET
PDACCUHTATHL 3aMBIKAHHS Ha SeMJI0 B YeThipex NpPOMEXYToY-
#HBIX TOYKAX MAHHUHH Oe3 BBENGHHA NONOJIHHTEIBHEIX Y37IOB.

4-5. SKBUBANEHTUPOBAHME CXEM 3AMELLEHKA

1. Kak ormeueno B § 4-1, B psse ciydaes HMeeTCH
HeoOXoEMOCTD SKBHBAJIEHTApOBakud cxem samenenus. Ha-
NpPHEMED, NPH COCTABJEHHH CXEMEl 3aMClIEHHA NaHHCH SJeK-
TpHUECKoN CHCTEMBI MPHMbIKAIONIHE CHCTEMBI MOCYT YYHTHI-
BaTbCA HX SKBHBAJNEHTHHIMH mapamerpamu. Kpome Toro,
eCliH cXeMa MNaHHCOR sjeKTpmyecKoM ChHeTembl Ha-Sa ee
CJOMKHOCTH HE MOMET NOMECTHTbCH B pacnosiaraeMolt ome-
paTHEHOIl maMATE 9BM, TO Takme BO3HUKaeT HeoGXomH-
MOCTb €€ SKBHBAJIEHTHPOBAHUA.

B sTux crnyuasx BHIZENSIETCA YaCTh HCXOAHON Cxeml,
KOTOpar pacCcMaTpHBaeTCH JeTaNbHO, OCTaJ/JibHAA €€ 4acTh
SKBUBAJIEHTHDYETCA M INPHBORHTCA K YaNaM NPHMBIKAHHA
COXpPaHsieMOH YACTH CXeMbl. DKBHBAJEHTHPOBAHHE MOMET
BLINOVHATLCA PASNHUMLIMY NPAMBIME M HTEDANHOHHLIM CHO-
cobamH, B %acTHOCTH, HpH pas3GHBKe SKBHUBAJEHTHDYEMOR
YacTH CXeMbl Ha paj nopcxem (cM. Hampumep, |[16, 61,
62]). Hume B KavecTPe HpHMEpa paccMOTPeHO NMpsAMOE pe-
wende, He Tpelyouiee pasbHBKE Ha MOACKEMBL.

Hnes atoro cpaseHTeNbHO NpocToro cnocofia SKBHBa-
JeHTHPOBaNUsl YCTPaHseMoH YacTH CXeMul CBOJHTCA K ee
YOpOLIEHHI0 NyTeM TNCCAGAOBATEJBHOIO MHOTOKDATHOTO
HCKNIOUEHHS YaNoB € IOMOLIBKO npeoﬁpaacaaxua MHOroJIy-
uepoli SBesOEK B MHOPOYTOUBHHK, WTO NMPOH3BOAHTCH IB
Mo cooTBETCTBYIOLiefl mporpamme. B pesymwraTe noayudam
CxeMy SaMellEHMs B PBHIe AaKTHBHOTO MHOrOYroJbHHKa
€ uMCAOM BEPIOHH, PaBHBIM CYMME YSJOB OPHMBIKAHHS K He-
ycTpasseMoll YacTH CXeMEl H HYJEBOIO Y3Ja CXEMEL.

OOrepRHME PESYALTHPYIONIHN aKTHBHEIA MHOTOYTOJb-
HHK ycTpansemMoH 4acTH cxeMH ¢ HeYCTPAaKAeMOM YacBhio
CcXeMBl T yafNiaMm NpHMBIKAHHA, OOAYYHM MATEMATHYECKYIO
MOAENE pacyeTHOH CXeMbl, paccMaTpPHBaeMON JeTafbHO,
C YYeTOM BJHMSIHUS YCTPAHEHHON YaCTH CXEeMEL

YKasarnoe NoscHserTca puc. 4-5,4, KA KoTopoM NoKa-
saHa HMCXoHAs CXema, B KOTOpoR 4acTb [ MoaAMHA OniTh
COXpaHeHa, a 4actb I/ mpusepeMa K npocrefliieMy BHAY.
DxpupajenTHOl cxemolt vacth I/ apnsercs aKTHBHBIN OJ-
HEI NATHYTOJBHHK, YeTuipbMs BeplUMHAMH KOTOPOTC SABJA-
IOTCS TOYKHM NpHEMbIKaHai o, P, ¥y u 6§ K Heycrpansiemoit
yacTH cxemul I, a narolt — Hysesas TOuKa, K KOTOpO# mpH-

COEMMHEHBl BETBH C YKBHBANEHTHBIMH 3, 7. €. E,. EB' E
B £, uacru I, KaK nokasako ua puc. 4-5,6.

2. PaspaGoransas B MBIl mporpamma mas 3BM ero-
poro nokonenust [16] mo sKBUBAZERTHPOBAHKEIO cXeM SaMe-

T e Rl i e )

Lozpenseman yacme  [parawwee  flpeodpasyemen
cTemMb! yanor 4acmy cTems!
- 2)

b - £,
o | 6D 7 0

4

/4 o
er ( Ep
lpubedersas creia , aame-
wWarwan npedpasyemiyte
warme CIEMbI

Cozparineman
wacmB CTeMbl 4

Puc. 4-5. DxsHBaNEHTHPOBAaHHE CJNOMKHBIX CXEM.
d — MCXORHAHR CXeMa; 6“-*[]80’!011]35 CXeMa S3aMeljeHHA,
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Puc. 4-6. Cxempl 3amelienys oTHENRHLIX nocnefoBaressuocteir ceti 500 kB, coorsercrsyromue pue. 2[1-7 npu sknHBa-

JIEETHPOBAHHHA HacTH CHCTEMDL

@ —cxema 3aMEIIEHEHs NpswMofi - TOCHE OBATEAbHOCTH; 6 — TO e HyJepofl NOCAeLOBaTENLECCTH.

MNMpumevanun I
H ofpatHoll nocaepoBaTeJbHOCTER NDHHATHEL OLHHAKOBRIME,

wmennn, Gasupyomascs Ha, AanuHoM crnocofe, NOSBOASET
3aMCHATL BBOIMMYIO B HEe CcXEMy 3aMellemiis TOH RIM
HHOM nocnenopaTeMbHOCTH HIH 4YacTh TAKOH CXeMBl AKTHB-
HHIM MHOIOYIOJIEHHKOM OTHOCHTEJbHO BRIGPAHHBIX Y3J0B
 nopumblKanis. IlporpaMMa pacCumTaHa HAa 3KBHBAJEHTHPO-
Bakie cery, cofepxaniedt yo 500—800 ysnos ¢ yd4etoM co-
NPOTHBACHHSI BETBEl M 5. . €. HCTOYHHKOE MHTAHMS HCXOA-
HO#t CXeME! B BHAe KOMIeKcOB. CONMPOTHBIEHHS BETBEH M
3HAYEHNS 3. [. C. SKBHEANEHTHOH CXeMEI MOryT OblTb Bhl-
paps Jubo HA pevate, JuGo Ha nepdoxapTe, JuGo wHa
neuaTe # nepdoRapr. Pe3ysbTaTel SKBHBal€HTHPOBAHHA
MOTYT GbiTB BBIAAHWM B (OpMe, NPHHEATON IR HCXOLHSIX
JBAHHLIX B nporpaMMe pacdera Tokos K. 3. OCIT [17].

HcenonpsoBanue zanucH pesylbTATOR SKRHBAJEHTHPO-
Banus Ha nepdokaprax no3apossieT u3bemars NOBTOPHOIO
COCTABNICHHs HCXOIHRX JAHHBIX 1O axanaanen‘mpyemoﬁ
YACTH CXeMbl AJIST STOH MpOrpaMmel.

3. B xauecTee UpHMepa OBIC BLINOAHEHO SKBHBAJCH-
THPOBAKHE 4aCTH CXEM SaMElIeHHA NMpHMOli H HyJNeBOH NoO-
ciepoparensnoctelt Kouepernoit cern 500 kB no puc. 2[1-7
cnpasa OT TO4eK @, 6, 6 C UOMOIIBIO NPOrpaMMbl SKBHBa-
newruposaunn  [16]. Pe3ynasTathl  SKBHBANEKTHPOBAHNS
ApencTaBaeHu Ha pHe. 4-6. PaccynTadube A0 cXeMe pHC. 4-6
TOKH ‘PasUuHEIX BHJOR K. 3. TIPAKTHYECKH COBNAZANT C TO-
KaMH XK. 3., pacCymTamumblMi €0 cxeme puc. 2[1-7.

4. B KoMnJexkcHoit NpOTpaMMe niisi OnNpenesieHusi Ha
OBM Tpernero NoKOJEeHHs TOKOB K. 3. [62] brmoansemuit
Ha NepBHX $TaNaX pacyeT SKBHBAJEHTHHIX NApaMeTpPoB yac-
Tell HCXOMHOM CXeMBEl TAKME NPOM3BOAMTCH B COOTBETCTAMH
co cnocoGoM, pacCMOTPeHHEM B 0. 1
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ConOpoTHEMEHHA B CXeMax SaMEWeHHA,

O, npHBeaeHEl X Henpsxkenuie 500 xB. 2. Conmporuenesua npaMol

o

B srto#t nporpamame ofecneunpaercsi ABTOMATHYECKOE
COYCTAHME NPEHBAPHTEJLHOIO SKBHBANEHTHPOBAHHA YCTpa-
HeMOH WacTH CXEMbl OJHOBPEMEHHO BO BCeX TOCIeAOBA-
TEeJLHOCTAX C pacyerOoM TOKOB K. 3. B ooxpanﬂeuoﬁ YACTH
CXeMBl.

4-6. NPUMEPHI PACMETOB

Mpumep 4-1. OnpezenuTh TOKH, NPOTEKAIOLIHE YEpe3
agroTpaucdopMaTop NpH 3aMBKaHAH Ha 23eMmMO Oxoi da-
36 B TOo4Rax K-1 n ;?23 A OPH 3aMBIKAHMH MEAY HBYMS
duzamu B Touke K-2 m cxeme no pue. 4-7,a0. Hexonwee
NaHHBE NpHMepa aHaJOrHYHBl HCXOAMBIM AAHHHM NpPHME-
pa 2-10 (cm. puc. 2-48,a) ¢ JoGaBnenmem Ha CTOpPOHE
cpefiHero HANpSKEHHs AaBTOTpaHcopMaTopa ydacTKa JH-
g 110 kB namsoit 60 XM ¢ COUPOTHBAEHHAMH X =
=0,4 OM/KM H Xo=1,4 OM/KM.

Pacyet BuiMoJEseTcs B HMEHOBAHHHX eJHEHLIAX NDH
COXpafleHHH B CXeMax samMelleHHs TPaHCPOpMAaTOPHLIX CBA-
3eli, ofecneuBANOLINX HENOCPEACTBEHHOE NOMNyyeHHe HaTy-
panbHBIX 3HAYEHW)! TOKOB Ha DasHBIX CTYMEIsiX Hampa-
JKEeHHH.

B nannoM npumepe HCNONB3YIOTCH MapaMeTpH, paccdn-
Tansue B npumepe 2-10. Cxema 3aMElleHHs C COXpPAHEHHEM
aByx TpaHchopmarTopubix cefseft A M 5, 3aMelanEX
arTOTpancQOPMATOpP B COOTBETCTBHH ¢ pHe. 2-15.8, npen-
CTaBJEHA Ha pHC. 4-7.6.

B coorseTcTRuE ¢ ykasanuamu § 4-3 u puc. 4-2,a nas
oGecmeuenns neobGxofHMOi TounocTH TpeGyeTcA cocTasie-
uue TT-o6pasusix cxem Ttpauchopmaropor A um B, wexons
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Puc. 4-7. Hcxonnas cxema (o) u cxema samenleHus aBro-
TpanchopMaTopa ¢ COXpaHeHMeM 7TPaHC(OPMATOPHEIX CBSA-
selt (6), ¢ BRMOYEHNEM CO CTOPOHEI BHICIUETO H CPEIHEro
HANPSKEHH [ONOJHUTE/BHBIX CONMPOTHBJEHHHA €O 3HAKOM
muHyc (), ¢ nMepeHeceNHEM HACTH HONOMAHHTENLHEIX CONpO-
THBRJIEHHH €O 3HAKOM MMHYC Ha ctopouy 10 kB (&), ¢ uc-
nonp3obanHueM nAByx Jl-o6pasHmix cxem samewenns (0)
(x npumepy 4-1).

us (4-1). Ilpg srom B coorpercTsum ¢ (4-1a) maa pac-
CMATPHBAEMOro NPHMepa JAHO PelLieHHe NPH NPUHATHH AN
Tpancopmaropa A N==008; ans tpanchpopmaropos B
N=0,2. Conporusienust Z’s, paccuutaHHhe Mo (4-1),
paBHEE:

Z' n(ay=j0,08-23+ (23—1) ==j40,48 Ow;

Z'y g =10,2:11,5-(11,5 —1) = 24,15 Om.

COOTEETCTEYIOIHE KOMIEHCHPYIOIMe —CONPOTHBAEHHS
paBHbL:

— — 35,24 Ong
Mgy =Z, g — Z'y 5 = /(5,89 — 24,15) ~
i 18,26 Ou:

[Nosmyuennple TakHM 06pasom  CXeMbl SaMewieHus
¢ TpaHc(OpMATOPHEIMH CBASAMH NpHBELenM ka puc. 4-7.8.

PasbpBKa KOMIEHCHDYIOLUHX CONPOTHBJIeHHH HA JBe
yacTH, BKMOYaembe ¢ 00eMX ¢TOpOH TPaHC(GOPMATOPOB
(puc. 4-7,2), NPOUIBONHTCA M5 BOSMOMHOCTH MNPOBEPKM
FPaHNYHEIX YCNOBHH N0 TOKAM. ;

OKounyaTensHO TpaHcopmatepsl A H B OpeacTasseHs
cBoumu [T-06pasumive cxemaMy na pue. 4-7,0.

HeobxopmuMo OTMETHTb, YTO OPH pacyeTe TOKOB K. &
[0 TAaKol CXeme He YUHTHIBAGTCS CXeMa cOefMHeMHs Oo6mo-
TOK asroTpascopmaropa Y/Y/A, 1. e. moBopoT TOKa O
¢ase npu mepexozie co croponbt Y Ha cTopoHy A HeoGXo-
IHMO YUMTHBZTH B cooreercTBHH ¢ § 2-10.

Cxembl 3anmellleHHsi OTHeNbHHIX NOCHKENOBATENbHOCTEH
I Touek samuikaxua Ba aemmo K-I, K-2 u K-8 B cetm
no puc. 4-7,0 Kawm Ha puc. 4-8—4-10, na KOTOpHIX HaHe-
CeHl TOKH H HANDFIKEHHS OTAEMNBHHIX MOC/AEAOBaTE/NbHO~

Puc. 4-8. Cxemul saMemenusi npsamoi (@), obpatnolt (6) u wynerolt (8) MOCMenOBaTENbHOCTel MU 3AMBIKAHEM Ha SeMO

onuoft daswt B Touke K-I puc. 4-7,¢ (x npumepy 4-I).

flpumevanHe CrpelKaMu ofo3uavueHEl TOKH K. 8. (KA) B BeTBEX CXeMbl; Hanpsieuns (KB) NDHBEAEHE! B NPAMOYTONBHHKAX
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Puc. 4-5. Cxemubi 3aMewenus npumodt (@) um obpatuoii (6)
nocieflopaTeNbHOCTEH NPH 3aMHKaHHH MeXAy NByMs (a-
samu B Touke K-2 (k mpumepy 4-1).

Mpumeyanue CM. npuMeuanme X poe, 4-8.

cTefl, paccuuTanubie Ha DBM. Torw, paccuuTannne B jad-
HOM npumepe # B npumepe 2-10 (npu meyyere- yraoe no-
BOpOTA NpH nepexofie .co cTopor Y B A u o6paTHo), npak-
THUECKH COBIaialoT.

Mpumep 4-2. [lnx mepefauy C IUecTHIO DapaUIEMbHBIMH
nenusiMy 220 KB, cxeME 3aMelleHAs KOTOPOH B OTAEILHBIX
NocieNoBaTENLHOCTAX faHk Ha puc. 4-11, paccuntaTe TOKM
HyZepoll DOCNEOBATENBHOCTH NDPH 3aMHKAaHHH HAa 3eMJI0

(D 5:,?:—54;.2

b5
48,1885

opsolt ¢asm B Togykax K-1 m K-2 pna yermpex ciyuyaes:

a) K. 3. Ha JRHHH 11 B TOuke, ypameHHOK OT wmH [
Ha PacCTOAHHe, paBHoe '/y ofmieil ANHHE JHHHN,

6) k. 3. ma aHuEH 11" B Touxke, ynamenmoii ot wuH J
Ha pacCIOfEHe, paBHoe I/s ofmed AAMHE JIHMHH, DpH
OTKMOueHHH ausnK 1Y co croponm wHu [

B) K. 3. Ha ImmHax [T,

r) OTKJIOVeHHMe H 3aeeMieHHe auHuMM [I1” ppH k. 3. Ha
mHuax I1

Pacter TOKOB HyJNEROil MOCAELOBATE/BHOCTH A1 NETHI~
pex BHIUEYKaSaWHbIX CAYY4eB DpPOH3BeJeH ABYMH CIo-
cobamm: ’ §

1) DpH aBToMaTHYeCKOM yu€Te B3aHMOHHAYKLIHM B Hy-
neBoll DocnepoBaTenbHocTH no nporpamme [17] npu pas-
GueHHH JIHHHH Ha TPYNOH B CODTBETCTBHH C pHC. 4-3.8;

2) npu MpeACTABEHHH B3aHMOHMHAYKTHPYIOLUMX JHHHRE
B HY/NeBOH [0CTIeJ0BATeNLHOCTH B BHOE CXeMH IOJHOIO
MHOTOYrOJIbHHKA B COOTBETCTBHH ¢ FIpOrpaMMoOil Ha s3blke
AJITOJI-60 (npraoxenne 4I1-1).

Crenmyer oTMeTHTb, UTC Nepeflaya C INECTHIO WApan-
JIEJbHEIMH NHHHAMH Hanpsuxenns 220 kB ¢ o6mumu TOY-
KaMM ¢ OOOHX KOHIOB B H3BECTHOH CTeNeHH YcJioBHa H
NPHHATA B TAKOM BHAE NS YIDOUIEHHsi CPABHEHHs pele-
HHIi iyixaaaﬂﬂmmn IBYMs crnocobaMu.

a pHc. 4-13 npHBeaesa cxeMa 3aMemIEHHst MYJeBO#:
NMOCNeROBATENLHOCTH NPH pasOHeHHH B3AHMOHHAYKTHDYIO-
WOX JuHAN 2 rpynnst. TOKH OTAENbHBIX NOC/EN0BATENBHO-
CTeli NpH 3aMEKAWHRX HA 3eMII0, NONYUYEHHEe B pe3yshra-
Te pacyera Ha 9BM B yka3saHsHX BHIILE YeThlpex CIyvasx,
npuBeJieHk Ha pHe. 4-12.

Tlpr pacyeTe ¢ NOMOUIBID CXEMH 3aMelleHHs B BHIE
NONFOr0 MHOTDYTOJBPHHMKA MN3apaMeTPH CXEMH 3aMellienHs
s pacCMaTpHBaeMEIX IUECTH NapAJJeNbHEIX JIHHHA TOJy-
YeHH C NOMOILBI0 TlporpaMMul Ha sA3wke AJITQJI-60 npu-
noxenun 411-1.

* PeaynpTaThl pacyeTa NpHBENEHH B Tala. 4-2, Ha Ko-
TOPOH B COOTBETCTBHH ¢ OCODEHHOCTAMH NpOrpaMmbl NpH-~
JoxenHs 4I1-1 npHBeaernl AKTHBHbIE H pPEAKTHBHLIE CO-
CTABNAIONIME MCXOAHOH MATPHUELI CONpOTHRJenHi, oOpaTHO)
MaTPHIIE NPOBOAMMOCTeH M pesyAwTHpYIomeH MaTpPHILI CO-
HpOTHBJIeHAH, 37EMEHTH KOTOpOH onpepensioTes no (4-5).

CornacHo Taby. 4-2 COCTaBJsETCH CXEMa 3aMelleHnst
B BMAE NOJHOrO MHOrOYroJIbHHKA, NapamMeTpsl KOTOPOIo
YUHTLIBAKTCA NPH COCTABJEHHH CIHCKAZ HCXOEHBIX AAHHBIX
ANsl pacueTa B YKasaHHeIX BHIe yerelpex caykasx. Ilps

Prc. 4-10. Cxema samemennsi npsmoft (a), obpatuolt (6) w mynesofi (8) necremoBaTensHoCTeh NpH SaMBIKAMHH Ha 3eM-

Jo onHelt ¢dasm B TouKe
Mpumegayune, Cum.

1o

K-3 (x npumepy 4-1).
npHMeéqalue X puc, 4-8
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Puc. 4-11. Cxemnr sameuienus npsmofl (@) u mynesoft (6) nocnegoBatenpHocreil ansi cetd 220 kB ¢ wecTeo Bsaumo-
MHAYKTHPYIOUIHNEH AuEUsMH (K nphsepy 4-2).

IMIpamMeuwarwue Mecra 3aMBlIKaHMA Na SEMNK0 NOKAsaHe Toabko Ha puc. 4-11,a.
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Puc. 4-12. ToxopacnpefieleHHE B CXeMe HYJeBOR MOC/eOBATENEMOCTH NPH 32MBIKAHHY Ha senyno onHOH (askl B TOUKG
K-1 (a), B Touke K-1 npH Kacuanmom oTKmiouenHs (6), ® Touke K-2 (6), NpH OTKMOUEHHH H 3a3episieHHu suuun {1 (2)

(x npHMepy 4-2).

Mpumevanue, Tok B uYHCAuTeNle — RpAMan (oOpaTHas) UOCIEAOBATEALHOCTh, B 3HAMEHATENS — KYJEBAH NOCAEHOBATENILHOCTL.
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Prc. 4-13. PasCrenne QHEEE ®a rpynnsl NPH SaMBIKAHHH Ha 3eMJI0 B TOuke K-1 CXemMbl HYZEBON HOC/IEZ0BATEJBHO-
ctH (K npumepy 4-2).
lpemeywanne CxeMa HCNOABIYETCS TaKHe NPH pacdeTe SaMBIKaHER Ha SemJ0 B Touike K-2.

TaGnuna 4-2

Peayavrate pacyera napaMeTpoB CxeM SaMeIeHHA HYJeBOHl WOCHeJOBATENLHOCTH UIECTH NAPAJJIelbHbX JMAN
¢ noMombIo nporpammel Ha fisuke AJITOJ (k npamepy 4-2)

AgTHBHME cOCTaBNAIMHE PeaxTuBHNE COCTABAIOLIAE

Hexonnne MaTPHIIL

[' 15,5 7,5 7.5 7,5 7.5 7.5 66 42,1 33,4 30,8 9,8 26,4
7.5 11,5 7.5 7.5 7.5 7,5 42,1 66 35,3 2,2 27.8 26,2
7.5 7.5 11,5 7,5 7.5 7.5 33,4 35,3 66 42,2 32,9 30,4
7.5 7.5 7.5 n,s 7.5 7.5 20,8 32,2 42,2 66 36.2 32,9
7.5 7.5 7.5 7.5 11,5 7.5 2.8 97,8 82,9 36.2 66 421
| 7.5 7.5 7.5 7.5 7.5 1,5 25,4 26,2 30,4 32,9 42,1 6 -
OfpaThele MATPRUG NDOBORHMOCTEN
- 405 —265 —38,3 —3,82 9,29 30,37 - —27,3 12,8 4,00 2,46 1,408 1,521 -
—2685 435 —82,3 12,52 3,84 10,1 12,8 —28,6 5,5 2,9 1,672 1,492
0. | —383 —82.3 453 —254 —18,62 0,764 - 4,09 55 —29,8 1.5 3,17 2,28
0. | 3,62 —12,52 —254 456  —101,2 24,8 oy 2,46 2.9 11,5 —29.9 6,12 3,66
9.99 3,84 —I8,62 101,2 451 —267 1,498 1,672 3,17 6,12 —23.2 12,81
| 10,37 10,1 0,764 —24,6 —267 37 | 1,521 1,492 2.9 3,86 12,81 i S
Pesynumapyrompe MATDUILE CONMpOTHBIeHANT
- 5.3 —I55 —2,8 —6 41,2 44,6 - 35,8 —74,0 —243 —407 —665  —85¢
15,5 5,2 —266 —I4,86 13,73 45,2 —74,9 34,9 —177,9 344 —598  _B4&7
2.8 —96,6 4,98 18,31 —I8,42 1,464 —243 77,9 82,6 —82,9 314 —438
—6 —14.85 18,51 5,99 ,3  —I8,3 —407 —344 —B2.0 32,7 —I50 —o72
41,2 13,73 18,42 -—25,3 5,17 —I5,6 —G65 —598 —314 —I159 33.4 —741.8
| 446 452 1,464 —I8.3 —I5,6 53¢ . 654 867 —438 —272 748 36.3

sToM B cooTBeTcTEHH ¢ § 3-2,B mns caydas ome0gasHOro
SaMEIKAHHA Ha 3eMJI0 B TOYKe -1 y‘l‘l"EHH H3MEHeHus
B KOMIJIEKCHOH cXeMe 3aMemenus coriacHo puc. 3-2,8. Co-
OTBETCTBYIOLIHE BeJWYHHE HO pHC. 3-2,6 pamuel, OM;

2
(1 —p) Zy =5 (11,6 + j66) = 7,67 + j 44.

1

Yu—1/Z, = _ 1
(4,06 — j27,3)-10 s—m

—9.2+j78,3;

1
BZyy =5~ (11,5 + j66) = 3,83 + j22;
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PesyneTaThl NPOH3BELCHHBLIX PACYETOR TOKOE K. 3. HpH
HCMOJMb30BAHUK MONHOTO MHOTOYTFOJNBLHKHKA, HOJYYEHHOTO
C MOMOILbIO HporpaMMui Ha fisnike AJIFOJI-60, mpaxThye-
CKM COBNANAIOT ¢ TPHBeJEHHEIMH Ha pHC. 4-13 pesyzera-
TAMH pacyera NMpH aBTOMaTHYECKOM YYeTe B3aUMOMHLYKLHH
¢ NOMONIBIO pasGHEeHHA JHHHH HA TpyNEHEL.



FNABA NATAA

KPATHKAS CBOOKA PEKOMEHLAALMA MO PACHETY TOKOB

KOPOTKOIO 3AMbIKAHMSA

5-1. CBLME MONOMEHUA

1. llene DpHBENEHHOTO HHXXE MaTepHalla COCTOHT
B TOM, uyToOH MPeNCTAaRHThb B C}aToil GopMe OCHOBHHE TO-
JIOXEHHS H MeTOA® paceeTa TOKOB K. 2. (cw. rm 1-—4).
KpoMe T1oro, n2Ha KOHKDETH3AaLMA PEKOMEHIauui, (pHBe-
JIeHHBIX B OCHOBHOM TeKcre B ODLIeM BHZE, B “acTH ynpo-
LIeHHs] PAcUeTOB TOKOB K. 3. rMaBHEM 00pasoM nJjs TPOEK-
THPOBANHA peJielHof SalHTHl H CHCTEMHON aBTOMATHXH.

‘2. PacueTs! TOKOB TPH K. 3. B OIHOH TOUKe A Uened
penefinoll 3alMTH M CUCTeMHON aBTOMATHKH, KaK OpAaBRIO,
BHIIONHAKTCA JNA ONPEACJEHAA HAUalLHOrQ 3HAUYEHHS De-
pHosntueckoll cocrasisnomelt ToKoB (Hampsuxenuit) 8 MecTe

YCTAHOBKY SalHTH. [IpHBeeHENe DEKOMEHIALHH Ho pac-’

ety TOKOB K. 8. B cetax [110—750 KB c 3asemserHBIMH
HelfTpanfiMH B OCHOBHOM MOUyT OLITb PACIPOCTPRHEEH! Ha
cryuaH saMblKaHHa wmesxny (asame {Oes semaH) B ceTsx
€ passeMJIEHHbBIMH HelTpalsMH.

3. PacyeTs TOKOB K. 3. NPOHSBOISTCH, KaK HpaBHMNO,
TpH OPHBEAEHHH ODapaMeTPOE SJAEMEHTOB PasiMuNBIX CTYIe-
Heli manpsikeHull (B HUMEHOBAHHEIX HIH OTHOCHTEBHBIX
eNHHHIAX) K OOHOM CTYTIEHE HANDRMKEHMSL

Cxemsl sSaMellleHHS OTAENBHLIX MOCNENOBATEILHOCTEH
JJifl YIPOWEHHKX PaCyeToB TONYYArOTCs NPH YHeTe CPEejHUX
rgoadpdutuentos Tpauchopmausn (cm. § 1-3). B yrounmen-
HEIX pacueTax YIHTHBANTCHA TOYHbE KOS(hGOHUHEeHTE TpaHC-
Ggopmauny (cM. § 1-2). B cucTemax, cofepiallExX TpaHC-
Jiopmartopel H aBTOTpaHCHOPMATOPH C WHPOKHM AHANAS0-
HOM BCTPOEHHOrD PETYNHPOBAHUSI HANDSMEHNA TMOX HATPY3-
KOH, Kak NpaBHsio, HeoOXOAHM Y9eT TOuHbX Kox(pdrUHEH-
ToB TpaHcthopMauuH. TakKe HeobXOMHM YueT H3MeHeHHd
CONPOTHBJEHRR TpaHCcopMaTOpOB K aBToTpanchopMaTopOB
B 32BHCHMOCTH OT NOJIOXKEHHS NEPEKJIIOUATENS] OTBETEIEHEH
AV PEryjupobaHHa Hanpswxenus (oM. npmiomerse 1T1-1),
Tlpy BHLINOJNHEHWH YTOYHEHHOTO DACYETAa B CJIOMKHEIX. KOJIb-
LeBbiX CETHK, COAEPHKAINX Napainenbusie TpanchopMaTop-
Hble LENHW, MOMKET DKA33THCH HEeOBXOAHMBIM YUHTEIBATH He-
HCKIIOYaeMpe TpancgopmaTophble cpasu (cM. mpamep 1-4).

Hcnoms3osanve IBM noseoiser B ciryyae HeoGXo-
JHMOCTH  BHINOJHHTL pacder Oes TIPUBEAEHHA CXEMEl
K OnHOll CTYNeHH HanpsMeHHEs, T. e. IPH COXPAaHENHH
TpanchopvaTopHeix cBaselt. [IpE sToM HemocpeacTBEHEHO
TONYYAKTCs HATYPANbHHIE TOKH H HAPHHKEHHS HA PASHEIX
CTYNEHSIX HanmpAMeHus. B yTOUHEHHbIX pacueTax OpH Tiepe-
RIOYEHHH OTBeTBACHHE 1Sl PerysiHPOBAHHA HAMNPSDKEHHH
paccMarpueaembli crmoco6 pacyera Tpebyer mepecuera
TOMLKO COMPOTHENIEHMIT CXeM 3aMeIUeHHs COOTBETCTBYIOLIHX
TpaHcopMaTopos H @aBTOTPaHCHOPMATOPOB TPH COXpawe-
HEH HEW3MEHHBIMA COOPOTHBJGHMH ADYTHX S/MeMEeHTOB cXe-
Mbl, B TO BPeMA KaK NPH MOpPHBE/IGHHH 3CCX 3NEMEHTOB
¥ ofHOfi CTYMeHM HanpsiKesHs TpeGyercst mepecuer conpo-
THENEHHE (H 3. A, C. TeBepaTODOB) BCEX SJEMEHTOB CXEMBI,
UPHBOAHMBIX K PAacyeTHOH CTYTIEHH HANpPFXXEHHS.

5. Pacuer TOoKa K. 3. MOXeT NPOMIBOAMTHCA JMHOO 1O
noJyyaeMblM H3 MPEIUIECTBYIOLIEro Harpy30YHOTO PexuMa
3. O. C. 33 CBepXnepexofBeiM ODI'IP(_)‘I‘HBJIGHHEM reHepa'ropcm
(mapamerpsl reHepaTOpoB H CHHXPOHHHIX KOMIEHCATOPOB
VISl OTHENLHLIX THIOB MAlUWH TpHBemeHw B Tabn. 2-2),
au60 OpH DPHMEHEHHH MPHHUHENZ HAaJO0XeHBs! MNpeiuect-
BYIOLIEr0 HArpy3OYHOTre PerXHMAa Ha DOCAEAYIOH¥ aBapHfi-
ueiil pewnm (cM. § 2-1). Ilpwrumn manosxerusi ocoGeHHO
sbhdekTusen aas pacueta (asHLIX BEJHYHH, a TaKXe SHa-
YeHHI OTMAEJBHHX TOCAE[OBATENLHOCTEN, KOrfd TOKHM M Ha-
TpAMeHus  NPEeAIIeCTBYIOMErs  HarpysodMHOIO  peXuMa
H3BECTHH ¢ TON HJIH WHOH CTENEHbLI0 TOYHOCTH NI pac-
emartpHBaeMoro obnexTa, a ANg BCell ceTH NaHHHE OTCYT-
creyior. [Ipr sToM obecneuHBaeTcs BecbMa NPOCTOH W Ha-
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IsAHE yYeT BAHAHHA M3MEHEHHI B HArDPYSOYHOM pEXKHME.

6. B Tex cayvanx, korna ocoBo TpeOyerTcs BRIYHCIEHHE
TOK& K. 3. JJIfl OTOEJbHRIX MOMEHTOB BPEMEHM NOCJAe BO3-
HHKHOBEHHA K. 3. (HaOpHMep, B YTOUHEHHHIX pacueTax npu
avanuse paoTel pedefiHoft  3awHTH), Uenecoo6pasHO
HCOOJB3OBATE METOH, NPHONHKEHHO YYHTHRAIOMME H3Me-
HEHEA BO BpeMenH MoIy/sl m §asel 3. 4. C. FeHEPATOPOB
(cm. § 2-3). B EaHHOM METONE COUETRIOTCH PACYETHI MO
COPAMJEHHLIM XAPaKTepPHCTHKaM, Y4YHTHLIBAIOMHM peaKItio
CTATOPa ¥ BJHAHME PerysATopa BOaGYIKIeHHs] Ha H3Mepe-
HHE BO BPeMeHH MOAYAS 5. A, C. FEHEPaToPoB, H HO KPH-
BbIM NPENeJIPHOr0 BPEMeHH N NPHOIHIKEHHOro yueta
HSMEHEHHS BO BPEMEHH Yria PacxOmxIeHHS 5. 1. C. TEHED&a~
TOPOB B TNPEANOCJIOXeHHH PasfiefieHHs HX Ha ABe TPYINE,
B KaxfAOH M3 KOTOPHIX NMPHHHMaeTCst OXWHAKOBOe H3MEHE-
HHEe BO BPEMEHH 3. 1. C. TeHEPATOPOB.

CnpsmierHble XapakTePHCTHKH paspaloTaHb Ha OCHO-
BAHWH PACYeTHLIX KPHBbLIX H3MEHEHH TOKOB K. 3. BO Bpe-
MenH paas Typborencpatopos 200—300 MBr r moryT Osith
HCTIONb30BAKL Gea GOJNLUION: NOrPENTHOCTH AJA OPHeHTHPO-
BOYHEIX TIPEACTABNEHHH NPHMCHHTENLHO K TeRepaTopaM
PasHbBIX THIOB. ;

7. las npHONHMEHHBIX pacYeTOB JIONYCKAeTCSs, Kak
NPaBHIO, YYHTEIBATE NPHMBIKAIOUHE SJIEMEHTH CHCTEMH
UPHBEAEHAHIMH NaPaMeTPEMH NPH YUeTe PaBEHCTBA cONMpO-
THBJeHR RpsiMofi H o6paTHOH mocJenoBaTeNsHOCTEH,

8. TIpx npoOWSBOACTBE PACUeTOB AAA NPOEKTHPOBAHHA
penefiHOH S4IIHTH H CHCTEMHOH aBTOMATHRE HNONYCTHMO,
KaK MPABAIO, HE YYHTHIBATDL BJNHAHHA MEPEXOLHHX CONPO-
THBJICHHI Ha BWAYEHHA TOKOB K. 3. YueT MepeXoiHmx co-
OpOTHBNEEMEt B OCHOBHOM HeoOXONEM DpPH . YTOUHEHHBIX
pacuerax TOKOB K. 8. C URJIbI0O aHal#sa ¥ Befopa napa-
METPOB Pfifia THNOB Samut (B MNepBY0 Ouepenb AHCTAH-
UHOMHBIX 3amHT). OpHEHTHPOBOUHBIE 3HAYEHHS] COINPOTHE-
JEHHA AYUH, 8 TaKXe CONPOTHHNEHAS ONOPbl H 3a3eMJICHHS
moryT ObiTh JIOAYYeHB! 10 MaTepHanam § 2-9.

8. Jina BeIMOJINEHHA PACYETOB TOKOB K. 3. Ha CTOpOHAaX
BLICIIETD B HHE3IIErO0 HAOPSHEHWH TPaHCHOPMATOPOB c co-
enunenmeM o6MoToK Yo/A-11 cremyer scnoas3osare COOT-
HOLIEHHA, MPHBEJeHHue B § 2-10.

5-2. CXEMbl BAMELUEHMSA M NMAPAMETPBI
OTAENLHLIX 3NEMEHTOB CETHM

L. TIpe cocrapnesinn cXeM OTAENLHLIX NOCTENOBATENb-
BocTell apToTpanchopMaTopsl M TpPaRC(OPMATOPH, B TOM
YHCME B MHOrQOGMOTOUHEBIE (B YaCTHOCTH, C PacUIETICHHEM
06MOTKY HRSLIEro HanNPANEHHS Ha HECKONDBKO wactelf), cie-
AYeT saMellaTbh N0 CXeMaM, NpHBejennniM B § 2-4 mas
pasAHYHLIX COElHHEHHE OBMOTOK M YCJOBHI 3aseMaennst
HeHiTpaselt (TaM e MPUSEjEHbl CXeML), HCUOJb3YyeMble AJs
3aMelIeNHs CABOEHHBX PedkTopos). CONpOTHBACHHY persell
B YKASAaHHEIX CXEMaX BaMEILERHS BLITHCISIOTCH [0 NPHBE-
HeHHBIM CcOOTHOIIEHHSIM € HCOOJML30BAHHEM JaHHEX AN
OTAEJBHLIX THHOE TPaHCGOPMATOPOB B aBTOTpaHC(HOpMaTO-
poB w3 Taba. 1-1. OpHEHTHPOBOWIO OTHOUIEHHE COQTBETCT-
BYIONIKNX COMIPOTHENEHH HYAEBOR H NpsMOH MocaexoBaTelNn-
HocTeli VIS TpeX(asHuX TPAHC(HOPMATOPOB MOMKHO IPHUH-
Math paprbM Zor/Z1r=0,85—0,9 (§ 2-4). Conporusaenns
HYNEBOH OCHE/IOBATENLHOCTH HEXOTOPHIX TpaHchOpmaTo-
poB, MOJMyUEHHHE SKCHEPHMEHTAJbHO, NPHBEJCHH B UPHJO-
genHH 2I1-4.

Hna ciyuaes BMNOJNHEHHA pacieros 0es NpHBeeHHS
K OZHOH CTYNeHH HATIPSOHENHA C UETLIO NOJYUenust HaTy-
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palbHEIX TOKOB H HampsKeHsll CJIefyeT HCIONLIOBATL
[l-00pasnuie CxeMb SaMEIIEHHS HABYX- M TPEXOOMOTOUHBIX
TpancopMaTopoB K abrorpancopmatopos (cm. § 2-4,B
o 4-3, puc. 2-15 u 4-2).
. 2. IIpH COCTAaBNIEHHH CXeM BSaMeLleHHs TNPAMON M
oGpaTHoit nocaeioBaTeNsHOCTel B PRfE DACUCTOB YUHTH-
BAETCH HArPYSKa, KaK NMpaBmio, oB6OOLEHHO, C HOCTOSHEBIM
SKAMBAJNCHTHEIM  COIPOTHBJIEHHEM PA3JHUHOrO 3HAYEHHH
B cxemMax npsamoii H obparsoft nocnenosarenpHOCTEIl;
B CXeMe MPAMOH MOCHeZOBATEILHOCTH

‘;znnarp == C0S Ygarp + J SIN Prarp
uno Gonee npuONHIKEHHO
Xgarp == 1,2
L

B cxeme oGpaTHoll NOCTeAOBaTENLHOCTH
0,194 0,36
z}nsrp +1i

iy Gonee MpHOIHKEHHO
Xanarp = 0,35-
*

B oTmeasubiX caydasx HeoOXOAHMO YyuMThiBaTe Kaxk ree-
aTOpH CHHXPOHHGSle JIBHTaTeNd CYyMMapHO# MOUIHOCTBIO
l;—2 MBT 1 GoJee. _ i

Korpa HeoGXomuM Y4YeT BEChMA HCOPOAOIIKHTEIbHOH
DOJNHTKA CO CTOPOHB ACHHXPOHHBIX JBHraTenel1, pacno-
JoMeHHEIX ROJIH3M TOYRH K, 3., CICAYeT YYHTHBATH HX
B EHJIe HATPYSKH C 3. J. £. 33 CBepXMepeXofibIM COTPOTHB-
JleHHeM; NPHOINKEHHO

E'arp="0,85,  x"'yarp=0,35.

3. B cxeMax oTnedbHHX NOCAEHOBATENLHOCTEH Clenyer,
KAK INpPABHJO, Y9ATHBATb NONEPeYHHE EMKOCTH JIFHHH
330—750 kB mpotskemnocTsi0 He menee 150 kM m 110—
220 ¥B npotaxensoctbio 200—250 Km m Gosbe. Ilpu
sTOM B CXeMe NpAMOi (o6paTnoli) DOCIENOBATEILHOCTH,
a o8 ONHMHOYHHX JHHHM H B cXeMe HyJAeBOl nocnefosa-
TEABHOCTH Y94CTOK JMEHR 3amemiaercs no Il- m T-cxemam.
CONpOTHBACHHA STHX CXeM AAA YYACTKOR JIWHHEH NOpsiiKa
160—250 xm TonyuawTCs TIOCPEACTBOM YMHOXEHHS ee
YHENBHHIX NPOLOAbHLIX H NONEPEUHLIX NapaMerpoB Ha ITE-

. Oaa y4YacTKOB JHHHH oraxeHHocTRI0 Ao 400-—
gﬁﬂ KM MOKHO Henonis3oBats - man T-cxeMe, CONpPOTHE-
JerHst KOTOPHIX OMPefessioTes N0 PASJIONKEHHIO B PHN -
nepOosuyecKHx (ywxupfi € KOMAJEGKCHLIMH apryMeHTaMH
OPH yuyeTe OTPAHHUEHHOrO YHC/IA UJEHOB (§ 2-7,B). Ha=
Gonee MPOTSIKEHHHIX YSaCTKOB JIHEHK lesecoo0pasex Tou-
Heit yuer rHOepOONHYECKHX QYHKUHHA. B ApyroM BOSMONK-
FOM DelleHHH JUJisi NPOTSKEHHHX YYaCTKOB COCTABMSRTCA
nefioteynas cxeMa, B KOTOPOH KacKaino BKNICUeH P Hpo-
cthiX 3penbeB. Korja e TpeGyercd TOYHOrO OHpEJIENEHHA
daa TOKOB H HANpSUKEHHH, JIONYCTAMO HE YUHTHBATL
aKTHEEHE counporsilenns b cerax 330—760 kB, a Takxe
B cemsix 110—220 kB opwr HeGoAbIIOM 3HAYEHHH OTHOILE-
HHH R.u!X:n JlBHI'Li’].

4. Cnoco6 samemlleHHs OapaJUICNBHBIX JHHHE (KaK
OJHOTO, TaK H Pa3RBX HANPAXKEHHi) B Cxeme HyJIEBOH mo-
CIC/IOBATENILHOCTH SaBHCHT OT HCNOAB3YEMEHIX JJIA paciera
BHYHCIHTENBHEBIX YCTPOHCTB.

a) TIpw BHLIMOJHEHHY PacieTOB ¢ MOMOIMIEIO 3BM nene-
coobpasHo saMewaTh nagaamnhme JHEHKH B BHJle TOJHOTO
mEoroyrofsiika (§ 3-2), omHyaiolmerocid yHHEEPCAJILHO-
CTLIO enieHHst H OJHOSHAYHOCTHIO A/TOPHTME HE3aBHCHMO
OT UHCIA NapaNeJbHLX JIMHEA W PeXHMOB HX BKJIOUCHHSA,
B HCHOZB3yeMbIX NPOrpaMMax Zjs pacuera TOKOB K. 8. yKa-
3aRUbe NMOJHEIE MHOFOYrONbHUKH COCTABAAITCH aBTOMaTH-
HecKH MO COGCTBEHHBIM COOPOTHBJICHHSM HYNeBOH JOCHeNo-
BATETHHOCTE ¥ CONPOTWBJCHHSM B32HMOMHAYKIHH. IlpH
STOM paCCMATPHBAKTCHA CAYYaH SaMuKAWAS HA SeMO Ha
OfHOK H3 NapANNEILHHIX JNHHHI B TNpelesiax SOHb COmaie-
HHY JHHHE ¥ BHE €€, a TaKie peNHMBI OTKIIOHYCHHA H
OTKMIOUEHKS C BaseMJIeHHeM OJHOH HJH HECKOJBKMX H3
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HIEKTPOMArHHTHO CBASAHHHX JHHEN NPR NOMOHIH ABTOMA-
THSHPOBaHEOH NepeHacTpofikH NapaMeTpoBR HOJNHOIO MHOro-
YTOALEEKA,

6) IlpH BHINONHEHWM DACNETOB C MOMOWEBI Mozenelh
NepeMEeHHOr0 TOKd HCMOJb3YIOTCH CXEMB 3AMENIEHHS Hyue-
BoH [IOCTEeICOBATEJLHOCTH, B KOTUpb!X*BS&HMOHH}.LYl{L{HH MEeH{-
AY JHHHAME Ge3 OOMAX TOYEK O KOHIAM YHCIOM JO BOCEMH
HMETHPYIOTCH TpaHChOPMATOPAMH TOKa ¢ kosddrmmentom
Tpakcpopmanyy, paBREM exuHHue (§ 3-3). VYkasanmue
CXeMbl 3aMEIeHHS CONEePIKAT MHHHMALHOE WHHCIO TPAHC-
¢oprmaropos Toka ¥, KaK NPaBHAO, TOJBKO DEAKTHEHbIE
CONPOTHRIEEHS NOJONKHTENBHOrO B3HAKA, YTO NO3BOJISeT
HCOOML30OBATE HX B NPOCTERINHX MOJENsX HePeMEMHOro TO-
Ka, MOCTPOGHHEIX Ha AKTHBHBIX COLUPOTHS/ICHHSX.

8) Tlpn snnosmensn pacieToB ¢ oMol MOZedeH
NMOCTOSHHOIO TOKA KAH TepeMEeHHOr0 TOKAa HA AKTHBHBIX
COMPOTHBJIEHHAX, A TAKXKE UPH oTeyTcTsRH 3BM u pacuer-
HBIX MOpeJielf Jiil MHOTOUHCHEHNBIX YaCTO BCTPeYAIOMMXCS:
CyYz2eB PEKOMEHUYeTCH HCUOMb3OBaTh HAGOp CHelHaJBHO
COCTAB/IEHHEIX CXEM 3aMEIEeHHS LS UHCAA OApaLNelbHBLIX

‘JHBHIE IO BOCEMH C'PEEEKTI’IBHHMH CONPOTHEJAEHHAMH IOJO-

IRETEJLHOTO 3Haka (§ 3-4 H pwe. 3-10—3-24), Ilpn stom:
pPaccCMOTPeHbl PABAHUHBIE CAYY2H BSAHMHOIO DACNOJCKEHH
JUHHA, a TAKXe, B YACTHOCTH, PEXKHMB OTHJIIOUEHHS H 3a-
aeMaeHHA OfHOM W sByX awewit (upunoxerme SI1-6). Co-
NPOTHBJACHHA B3aMMOHHIYKUHH MEXZAY NONApHO BAATHME
JHIHSME OPHHATE DASNHUHLIME HJH CBASAHHBIMH MEKIY
co6oit 3ABHCHMOCTSIME; [ PAJA CIYYAeR YUTEHO BIHSTHHE
OTBeTBACHANH OT JHHHA K NOZCTAHIHAM.

r) Jlis mapaafensunx JHEEE GosnInoi OPOTSKeIHO~
cru (§ 5-2, 0. 3) mpr HeOGXOAMMOCTH y4eTa BJAHAHAS HE
TOJIBKO CONPOTHENEHHH B3aHMOBHAYKIHH, O TAKe CobCT-
BEHHLIX H B3aUMHEEIX ©MKOCTeH CIeyeT NDHMEHATH Crme-
UHAJILHO COCTABJIGHHBIE CXeMBl 3aMENIEHHS HYMeBOH mocje-
LOBATENBHOCTH (Aas m}"{x R TpeX NapaiieJbHulX JNHHNI)
B BHIE NEMHBIX CXeM. Gosiee IPHGJIHKEHHOM BapHanTe
CONPOTHBJIEHHS BeTBel ONpENeNsioTes Kak IpoHsBedcHHE:
VACJBHbIX UADAMETPOB H NPOTSIKEHHOCTH YYaCTKA; B yTOY-
HEHHOM BADHANTE YUHTHIBAIOTCSH MEPBHE WIEHH PASJIOMKEHHS
ranepBoamuecKHX %}T}IKHHH B cTenmerHoi psn. Ias oGecne-
UEHHS NOBGLILIEHHOX TOYHOCTH NpPH HANMHYMH NBYX mapal-
JeXBHBIX JIHHHAR GoJb1IOH NPOTSOKEHHOCTH € pacHpefeseH-
HEIMH TlapaMeTpaMH CONPOTHRJIGHHS BeTBell Cxem ompefie-
JAFOTCH N0 rHOEPGOJNHYECKHM (DYHKIMAM KOMINEKCHLIX Be-
mupH (§ 3-5 W pue. 3-25—3-30).

5. [Ipy BHTOAHEHHH NPHOMHKEHHBIX PACYETOB MOYCHO'
YUHTEIBATEL CDefiHEe SHAUEHHE YME/bHOTO HHAYKTHBHOrO CO-
TPOTHB/IEHHS NpPAMOH NOCAeLOBATENBHOCTH JJIST  JIHHHED
110—220 kB x,==0,4 Om/xm; 330500 kB mpe coorsercr-
BEHHO JIBYX H TpeX NpOBOJAX B PACHIEIeHHON ¢ase xy=
=0,32+0,34 Om/xkm B 0,28—0,30 Om/km H emKocTH ans
apuEf 110—330 xB C;=8,8-10—° ®/xm: 830—750 xR
(c pacuieryenmem Ha 3 npososia) C,==12-10-° &b fxm.
Cpennue SHaY€HHR OTHOMEHWS [T HHAYRTHBHLIX COMpPO-
THBJIEHH HYJNEBOR H UPAMOIl MOCTEROBATEILEOCTEL NpHBe-
Aerbl B 1a6p. 2-5; s emxocred CofCiA,55-+0,60 (upm
HanaukH Tpocos Co/C, yBeNHUMBaETCS nprmepno wa 109%).
Ypeasurie napamerTphl AAR pAja THOOBHIX JMEEHE 110
750 kB mpusezewir B 1abn. 2-4 H 2-6. B yroumenmbx pac-
UeTax ypeabHple HapAMeTPEl OAMONENHLIX M ABYX Mapai-
JIE/IDHELX JTHARH 3AJI2HNOK TCOMETPHH CJEMYer onpesensTs
N0 COOTHOIIGHHAM, NPHBSAEHHEIM B Taba. 2-7 u Bfﬁ. ITpe
STOM MOMCHO, Ka4K NP3BRJO, OrPAHHYHTECA YUETOM BIAVM-
HOH EMKOCTH MeMIy HeOsMH ABYX napamnefbHeIX JIHHHT
na oOIMX ONOpax NpH AAWHAX, YKa3AHHLX B § 62, o. 3.

6. llnsn onpereneHun ypenbHbIX NapaMeTpoB NPSMOir
(0CpaTHoit) TMOCHEAOBATENLHOCTH OMHOMKHABKLIX KAGOMLHLX
Mumnii pasubx cevenudt 110—220 xB moxno, xax TIPABHIIO,
HCTONL30BATL MAKHLE, NDHBELCHHHe B Tabn. 2-9. IpyGo:
TpuOAHIKEHHO AONYCTHMO NUPHAATBE B KAYeCTBe HHOYKTHB-
HOr0 CONpOTHBNRHHA MpsiMOR (0GparHofl) NOCHAENOBATENB-
HOCTH Hisi ONHMOMHAbHEIX KaGenel wmanpmwennem 110 xB
x=0,18 OM/KM, a mns Tpexmuyenbix Kabenmeli Hime
110 xB xu=0,12 Om/xm. Conporuenense HYJIeBOit:
MOCTENOBATENbHOCTH OPHEHTUPOBOYHO MOXKHOG NDHEATH nis



ORHOMKHIbEbIX Kabeneft xo=(0,8-+1,0)x;, 2 naa TpexHumiL-
HEX Kabenelt ro=10r;; xp=(3,5+4,6)x. CooTHOLIeHHS,
npeBejennbie B § 2-8, HCnOMB3yIOTCH LS pacuyera yhesb-
HhX [apaMeTpoB KabeJnHHIX AHHHE 34728HHOH TeOMETPHM.

5-3. PEKOMEHJALMM MO BLINONHEHMIO
YNPOLWEHHLIX PACUYETOB TOKOB
HOPOTHOTO 3AMbBIHAHMS NS LLESIEH
MPOEKTMPFOBAHMWSA PENEWHOW 3ALLIMTLI
M CUCTEMHOH ABTOMATHKM

1. HeoGxonmMas TOUHOCTE PACHETOB TOKOB K. 3. JJfl
penciiHOM 3alMTBI M CHCTEMHO! 4BTOMATHKH BO MHOTOM
ollpejienfaeTcs CTeNeHbld JOCTOBePHOCTH HCXOMHBIX J@HHBIX
¥ Ha3HAaueHHeM CAMHX PAcyeTOB. [aK, NpH TPOEKTHpOBANHH
Ha CTAJIHH TeXHHKO-3HOHOMHUECKOr0 JOKJZ[a B NPOEKTHOrQ
3ajlaHusl HCXOLHHE JaHHLle B YaCTH NapaMeTPOB JHHHEH,
reHepaTopoB, TpaHCOPMATOPOB, 4 TAKXKE DeIKHMOB H Xa-
PaKTEpHCTHK CHCTEM SBASIOTCH OPHeHTHPOBOuHBiMH. I[IpH
5TOM BLIUHCAAEMBIE TOKH K. 3. HCIOJNB3VIOTCH TONBKO AJS
Brifopa NPHHUHOOB pefelHoll 3aUIMTHI W CHCTEMHOE aBTO-
MATHKH. :

JlonosbHO YacTo HCXOAHLIE JaHHBIE SBJSIOTCS UpHONH-
JKEHHbIMH Ha CTaJHH TEXHHYECKOr0 MpOCKTA M Jame pabo-
THX qepmxeﬁ, B KOTOPLIX Nojnexar Olpeme/eHHIO MNPHH-
UBOLI H THOBI 3alHT M aBTOMATHKH, A TAK)KE OPHEHTHPO-
BOYHbIE SHAYEHUA MX YCTABOK.

B cBfisu ¢ STHM OpPH NMPOEKTHPOBAHVH BONYCKAETCH BHI-
YHCIeHHe npﬂﬁm}ecennux ZHa4YeHHHA TOKOB K. 3., UTQ [03BO-
JISET YIPOCTHTh PACYETH, T. €. CHHSHTh TPYAO3ATPATH Ha
HX BBUIONHEHHE. YKasaHHBe YNIPOLIEHHA KACAIOTCH HpPEXIE
Beero cnocoGa yyera COCTARNMIONNX HArPY30UHOT0 PEXKHMA
H CoCTaslieHHs CXeM OTHe/bHHIX HocienoBaTenbHocTed. ITo-
ciefiHee CYLICCTBEHHO B CBR3H ¢ OonblumM OGBEMOM IpO-
HiIBOJKMBIX B nponecce HPOEKTHPOBHHHH pacdeToB 110 pas-
JHYHBIM CXCMaM.

OrmertM, ¥T0 B OTMHYHE OT HPHBEJEHHOTO BHIMIE
B YCJIOBHAX SKCIUTYaTalUMK TIDH ONpejejeHEH paGoux ycta-
BOK NapameTphl H pexuMbl paboTH HaHHO# CHCTeMbi
HM3BEeCTHEl ¢ OONBINOK CTENEHbIO AOCTOBEPHOCTH, 4 MOTOMY
s obecneyeHHs HeoGXonumolf TOYUHOCTH paCueTOB TOKOB
K. 3. clefyeT NPHHHMATh MHHHMAaJBHOE KOJHUECTEO NOIy-
IUeHH, FHKTYeMUX TPeBOBaHHAME NPOH3ROACTRA a(PekTHB-
HEIX BBLIMHCIEHHH C MOMOIIBIO PACrOJNiaraeMbiX CPeACTB Bbi-
YHCNHTENBHON TeXHHKH.

2. Tlpn oupene/enHH 3Ha4eHHA TOKOB K. 3. JIs Ueneil
NpCeKTHPOBaHKA PeneiHoll 3alIATEl H CHCTEMHOH aBToMa-

THKH NpH COCTABJIEHHH CXEM OTLOC/DBHEIX NOCACICEaTENbHO-
cTell MPHHHMAIOTCH, KAK HPABHJAO, CIEIYIOLMe OCHOBHLE
BOTYLeHHA.

a) CxeMbl OTHIENBHBIX [MOCAEROBATETLHOCTEN MPHBOAST-
CA K OJHOH CTYNEHH HAaNpPSXKCHHA NpPH yYeTe CPeJBUX KO-
sthduunenToB TpaHcdopmauur Tpancdhopmaropos. Tounkie
Kos¢HUHEHTE TpancPOPMaUH NOAJEKAT YueTy 0pH Ha-
AHYEH TpaHc(POPMATOPOB H aBTOTPaHCGOPMATOPOB € IIHPO-
KHM JHalla30HOM BCTPOEHHOTO pery.nﬂpoaaunﬁ, KaxK npae€i-
0, B MOPOEKTax 3aluMT STHX SJEeMEeHTOB, 4 TaKKe uHa
cramHH pafouux yeprexelt MpH HEOOGXOAHMOCTH COrJAcOBa-
HHfl 3aU{HT DPHMBIKAIOIHEX S/EMEHTOB C 3al(HTOH TpaHc-
$opmaropos (asToTpanchopMaTopos).

6) He yuHTHIBAIOTCS aKTHBHEIE CONPOTHBJIEHHS SJeMeH-
TOB CXeM OTHAENBHLIX MCC/EIOBATENBHOCTEH, 3@ HCK/MOYe-
HHEM JIHHH#, IJIfi KOTODHIX oOTHOWeHHe Ry/X5>0,3-=04,
a npH ReoOXONHMOCTH BHNHCACHMS YTOYHCHHRIX SHaueHHH
YrJIOB TOKOB (Hampsiakewu#) npH Rn/Xa2>Q,1--0,15. Kpo-
ME TOI0, YYHTHIBAETCA AKTHBHOE COUPOTHBJEHHE TOKOOTpa-
HHYMBAIOMIHX PE3HCTOPOB B HEHTPANfX CHIOBEX TpaHchop-
MaTOpOB. .

8) He yuurersaroTcs momepeuskrie GMKOCTH JIHHHI [po-
TAIKEHHOCTE0 MeHbIne. 200—250 xm uanps:kermem 110—
220 xB u 150 xM manpskemHem 330—750 xB, uto yxe
orMeyeno phiue (§ 5-2, o. 3).

r) IlpurBMaeTcs, Kax OpABHMIO, PaBeHCTBO CONPOTHB-
nemHil B cxemax npsMo#t H obpaTHol nocneroBaTesIbHOCTER.

8. a) Tlpy NPOEKTHPOBAHKWH peJielfHOl 3aIIHTH IOKA-
crauuuii’ panpsxenneM 110—750 kB  nunmlt Hanpmxe-
nrem 110—220 xB pmonycTHMO, Kak NPaBHJIO, OTP2HHYM-
BaThHCS BBHIYHCHEHHEM TOJBKO aBapHﬁHblx COCTaBNANIIHX
TOKOB Opsinoii nocaejoparenskocTH [i(85). Opnako B paje
ciyuaes HeoOXOAHMO YYHTHIBATL TOKH HarpyskH (HampH-
Mep, MPH UPOEKTHPOBAZHHWH HEKOTOPHIX THIOB SalIMT IIHH
H pesepBHBIX CTyleHell NHCTARHUHOHHBIX 3AULHT).

Ecmu orcyTcrsyior Gosiee TOUHbIE JIaHHBE, TOKH apa-
pHHHOrO peXxHMa JAONYCTHMO OHPENEenaTE, YYHTHBadA
B [pefUIeCTBYIOLIEM Harpys0UHOM peXhMe HOMHHAIBHbIE
HanpsOKEHHA BO BCeX Y3NaX CeTH; TOKH HarpysowHOro pe-
AHMa MOTYT OBITh OLEHEHH OPHEHTHPOBOUHO O [POTHOSH-
pyeMbiM TlepeToKaM MOULHOCTEH. -

6) IlpH MPOEKTHPOBAHHH PeJelHON 3aIIHTH H CHCTeM-
HOlI aBTOMAaTHKH JHHMNA Hanpsukeunem 330—750 kB cie-
IYeT, KaKk NPABRJIO, BHHIONHATL PACcuETH TOKOB K. 3. C yue-
TOM COCTABJNSIOLIHX HACPYSOMHOTO peXHMA. YKasapubie
pacueThl MOMXHO MPOH3BOAHTH JHOO IO 3alaHHBIM 3. 1. C.,
anGo no npHAuENy HagokenHs (§ b-1, m. 5). Ilpr otcyrer-
BHY HeoOXOJHMBIX NAHHBIX MOXHO HCHOAbL30BATH NPHEIH-
JXEeHHEIl cmocof 1o M. «a»,

Mpunomerune 1M1

OueHKa BO3MOMHBIX H3IMEHEHNHH COMpOTHENEHMH TpaHcopMaropor
[enToTpaiiciopMaTopoE) M 3HAUEHMH TOKOR K. 3. MPH BCTROEHHOM

PETYNHPOBAHHH HanpsKeHHs

Tlpn BLMHCHEHHH TOKOB K. 3. ;A BHGopa yCTpoOiCTB
peneiiHoft 2alUTH H ABTOMATHKH SIBJSETCH BAXKHLIM OLE-
HHTb BNHfAHHE H3MEHCHHN CONPOTHBJEHHR szrﬂcc})ogmampon
¢ peryiupoBaHueM HanpspkeHHs nop marpyskoit (PITH) na
3HAYEHHA TOKOB K. 8. B 71abn. 1-]1 npHBeneHn HanpsIKeHHSN
K. 8. MEXJY JBYMS OOMOTKAMH Uy, (peaxtuBHEIE CoONpO-
THBJIEHHA pacCesHHs) naA pAra TparcdopmaTopos (asTo-
TpanchopMaTOpoOB) COKOSHOrO NPOHSBOACTBA CO BCTPOSHHEIM
eryJIKpoBaHHeM HalpAMEHHA II0f HAarpyzko#l (0 JaHHBIM
OCT). Ipusenennnie 8 7abn. 1-1 SHAYEHHS Mg, %, maub
TONBKO [J8 CPeHEr0 H JIBYX KpaiHHX OTBeTBJEHHH H
OTHeCEHBl K HOMHHAABHbIM 3HAYEHHSM HAUpPAMEHHS OTBET-
BlieHHH H HOMHHAJbKON MOLIHOCTH. Ilist APYTHX OTBETBMNE-
HHH MOJKHO OPHONHMKEHHO NPHHSATL Uy, Y%, oo Taba. 1-1,
HCXOAsi M3 JHHeHHOH HHTeDPNOJAUHH MEXAY 3SHAYCHHAMH
OPH- cPpeiMeM H COOTBETCTBYIOIIEM KpaiiieM OTBETBNICHHH
(00 2aBOACKHM NAHHHEIM TOYHOCTH INPH 9TOM 3% sHaue-
HHY COIPOTHBJICHHS) .

81

Ilpr pacyete TOKOB K. 3. B OTHOCHTENLHHX €JIHHHIAX
YUHTHBAOTCA HENOCPe/CTBEHHO COOTBETCTBYIOLUHE MeMKAY-
oGMOTOUHEE 3BaveHHA ux Y% Tpaxcdopmaropos. [lpm pac-
4e7e B HMEHOBAHHLIX eNMHHUAX MeXZYoGMOTOYHbie peax-
THBHbIE CONPOTHBJNEKHA Tpakcdopmaropa (asroTpancdop-
MaTOpa), NPKBEJCHKbIC K CTOPOHE C PEryJHPOBAHHCM H 6e3
perynHpoBanKs, cornacHo (1-4a) MOryT OBITL BLpaMKeHLI
COOTBETCTBEHHO:

%02 ) !
*
*1{p) = = ¢ (103-1)
:5':0 ulup)
Kop{p) = '-—_""'—*-'—SH ? (111=2)
I7le  Xr— CONPOTHBJICHHE < OTHOCHTEJLHHIX eJHHHIAX

L
TpancdopmMaTopa NPH COOTBETCTBYIOLUEM OTBETBJEHHH (MO
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Tabn. 1-1):

Ux%_
*r==T00 *

Uaip)y B Usn(mp) -— BOMHHAALHOE HanpskeHne TpaRcpopMa-
TOPA COOTBETCTBEHHO HA CTOPOHE C PEryjuposanneM H Ge3
Pery/IHpoBanus HanpsKeHHs.

IisMenenHe peaKTHBHBIX CONPOTHMBJIEHEH TpamcdopMa-
topa (OM) nps pery/HpoBaiHH MOXeT GHITB OLEHEHO
OTHOLIEHHEM CONPOTHBJEHHH IIPH HeKOTOpOM paloueM H
CpenneM LOJIOMEEHSIX TNepeKMiouaTens OTBEeTBJACHHH. Yum-
Tupas (1I1-1) m (111-2), nonyuaem:

Xa(p) oy

L e 2. 1
Xr.cplp) ffr.(:p . ( H-3)
Xafup) i‘l' .
*1.eplup) ’flr.cp . pEg
Ua.lp)
O i e —— 1T1-4
EUH-Cpip)’ . ( a

rne Uscpip) H ¥r.ompy — HOMHHANbHOE HANPAMKeHHE M CO-

TNpOTHBJAEHHe TpancdopMaTopa €O CTOPOHBI PEryfHpyeMoit

obMorKkn npu paboTe Ha cpelveM oTBeTBJEHHM, a Usqap)

H Xp.cptup)— TO 2Ke CO CTOPOHH HepeTyJHpyemoil. 06MOTKH.

Hns ofmux npemcTaBieRHil PaccMOTPHEM TPH T'PYHMbI

TpaHc(OoPMATOPOB, MJIA KOTOPHX SABHCHMOCTL Xp OT 8HA-
#*

YeHHs] HOMHHAJNLHOTO HATIPSMKEHWS OTBETBAEHHS pPAsJIHUHA,
YTO ABJNFETCH CHeACTBHEM PAalIHYHOTO PacnoncKeHHs obmo-
TOK Hd CTEP}KHE, CXeMH DPEeryAHDOBAHHA H A.:

a) TparcopMatTOphl, Y KOTOPEIX COLPOTHB/CHEE Xr

' HSMEHACTCA BECbMa HESHA4YHTENLHO DOpPH H3MeHeHHH NOJIO-

JMEHHN NepexniovaTens orpeTsnenHd. B taba 1-1 x Tako-

BHM € HEKOTOPHIM NPHOMMIKEHHeM MOryT OHITE OTHECEHH

YACTHYHO TPAHCPOPMATOPH C BHCUIHM  HalDAXKEHHEM
150 ¥B;

G) TparcdopMaTOPH, Y KOTOPHIX CONPOTHEJEHHE X

*

VEENHUHBAGTCA NPH MePeCTAHOBKE NEPERMOUATENs OTBETB-

Nexnil B CTOPOHY NOBHILUEHMs HANPSIKeHus peryaHpyeMoif

ofmotkH. B Tabn. 1-1 x TakOBHIM MOryT OBITh OPHECEHH

B OCHOBHOM TpP&HC(OPMATOPbl € BHICIIHM HANPSXKEHHEM
110 kB;

B) TpaHcOpMAaTOPH, Y KOTOPLHIX CONPOTHBIEHHE Xr

L

YMEHBIUAETCH NPH NepecTaHOBKE ITePeKJoyaTens OTBETBJE-
Huft B CTOPOHY TMOBHILUEHHS HaNpPAXMEHWs peryJaupyemci
o6moTKd. B tabn 1-1 K TakoBBIM OTHOCHTCA Psb TpaHC-
topMaTOPOB M ABTOTPAHCHOPMATOPOB € BHICUIHM HANpsDKE-

- Huem 220 kB H BbiDe.

Kpome rtoro, B tabn. 1-1 mmeercst BechbMa OrpaHuyeH-
HOE YHCJIO aBTOTPARCOPMATOPOB, ¥ KOTOPHIX CONPOTHEJE-
HHEe NPH cpeiHeM OTBeTBJEHHH MeHblle, ueM NpPH Kpalinux
oTBeTBIEHNAX (B AaibHellleM He PaCCMAaTPHBAKTCH) 1.

Ipeacrasnsercs noaessblM mafith ofofinenusie 3aBu-
CHMOCTH CONpOTHBJIEHMH AAS PasHbLX rpymn TpaHchopMaTo-
poe  (AByXoOMOTOYHBIX) H COOTBETCTBYIOILHX HM TOKOB
K. 3. OT NOJIOXKeHHS TepeK/iovaTe/]si OTBeTBIeHHH.

a) Ana rpavchopmMaTopoB nepBoit rpyn-
O bl, €CJK NPHEATH

=10,

(IT1-5)

% z
*'r-cp

0 CONPOTHBIEHUE (On? TpauncopMaTopa ¢O CTOPOHE pe-

rynapyemoit 06MOTKE [Xr(p)] HSMeHsieTCs nponopLUHOKATE-

' PaspaboTia pacCMaTpPERPEEMOro BOMPOCA NPHMEHHTENLHO
K TpancdopMaTopan COOCTBEHHEIX HYMA SASKTPOCTEHUHL ®LINOJ-
neHa B MHCTHTYTe Tentosmextponpoexr uum. A, 3, Afpamonuw,
B, H. Bageweim 1 H, 3. ®aeposoii.
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HO KBAJIPATY M3MEHEHUf HOMHHAJIBHOTO HANpSKEHUs, & CO
CTOPORH Heperyiupyemolt oOMOTKE [Xzispy] He 3aBHCHT OT
TONOMKEHHs nepekouates oTeersnenus. Ilpu stom (1I1-3)
g (1IT-4) ppenumaror BHI: ‘

*(p) .
T a®; (117-6)
Xor. (up)
Xr.cp(up) Gy (1)

VYkasaHHbe COOTHOLIEHHS CODTBETCTBYIOT H3BECTHOMY
[pefCTaB/IEHANI0, YTO HHAYKTHBHOE COUPOTHBAEHHe OOMOTKH
(e nanHOM cayuae perymupyemoil ofMoTKM TpaBchOpMaTO-
Pa) H3MEHSIETCS NPONOPILHOHANBHD KBAaAPATY M3IMEHEHHA
YHCAA ee BHTKOB Ha crepxHe. [Jleficrsnrensno, conpotus-
Jenre ABYXOOMOTOMHOTO TpaHCHOPMAaTopa BHpaXkaeTcs ue-
pes CONPOTHBJEHHA ero JABYX OOMOTOK fX(py M Xup) Cile-
EyiouaM ofpasoM:

wipy \*
Foip) = %)+ \ ) ¥ (111-8)
Wirp) \*
Xaup) = ¥up) +\Tgy") o) (111-9)

Ilpu usMeHeHHH wHCNAa BHTKOB perynHpyemol obamoTkM
Wp) B0 Wp), a 3UaYAT, MAMEHEHHE €¢ COUPOTHBJEHRS Npo-
NOPLHOHAIPHO KBAAPaTy YHC/4 BHTKOB

y wip) |
o= \"wg / ¥

(wl(p] )2 w! ) 2
13 —1 — Rl
¥ tp)=x"(p)+ W) x{rfpl=‘ ( Wip) Xp) +

OOy M

(W’th )’ (W'tp} )* [ (w(p) )2 ]
it (VRO i L) _
Wenp) (up) Wep) (p} + W(gp) *(xp)
(Yo \*
w(p) Xr(p)i (I1-10)
Wigp) \]2
*'vtup) = (W} *(p)+ X(up) =
__(“’(:ml ’
N /) X0+ Fup) = Frtup), (1T1-11)
UTO  COOTBETCTBYET YKASANHOH BHIlE 38KOHOMEPHOCTE

(1I1-6) u (1I1-7).

6) Ansa 'rpancnpc%ua-ropos BTOpo# rpynm-
nul B coortserctBud ¢ (1IT-1) u (1I1-2) c ysemmiermnem
HaIpPsXEHAS. OTBeTBJENHA CONPOTHBNEHHe TpaschopMaropa
(OmM) yeenmuHB2eTCS NpH NPHREEJEHHE K CTOPOHE perysn-
pyeMoti 06MOTKR NPOLNOPLHOHANLHO CTeNeHH, Dosblief, ueM
BTOpAs CTeMeHb HSMEHEHHS HOMHHAJLHOIO HANDSKeHHS
OTBeTBJCHHS, 4 OPH IPHBEZEHHH K CTOpOHe HEDEryNHpye-
Mol 0EMOTKH — NPONOPUHOHANLHO YBEJHUEAHI0 OTHOCHTE b~
HOI'O COLPOTHB/IEHHS Xr B COOTBETCTBHM ¢ Ta6Gn. 1-1.

*

Onsi oueMkH H3MEHEHHS CONPOTHBAGHM: TpamncdopMa-
TOPOB 9TO# TPyl NPHMEM, NTo

2y
f-r.c; = aft, (IT1-12)
Torpga us (111-3) u (111-4) moayunn:
%1 (p)
mrz al2+0). (1F1-13)
% =a®, (111-14)

B 1abn. 1-1 GossummeTeo TpaHchOpMATOPOE, KOTOpLI&
MOIYT GHTb OPHECEHHl K STO IpyNne, XapakTepHIYIOTCH
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Puc. 1I1-1. Hexonuble ¢Xemel 1S OLEBKH MPENENOB HSMe-
HEHHS TOKOB K.3. B 3aBHCHMOCTH OT IOJOMKEHHS NepeK/io-
YaTeNs OTBETBIEHHIH,

@ -—K.8. CO CTOPOHE perynnpyemoft ofmoTkn; 6 — K. 3. co cTopo-
HH HEeperynupyemol OOMOTHEH.

COOTHOIIEHHAMH [0
f2==0,5--1,0.

B) lnu rpaEchopmMaTopos rpeThedi rpymn-
D8 C YBeJHYEHAEM HANPSMKEHHS OTBEeTBJEHHS CONPOTHB-
senue Tpamcopmatopa (OM) upH npuBeseHEE K cTopome
PErymUpyeMoit OOMOTKH YBEJMIHBAETCH HPONIOPUHOHANLHO
CTEeNeHH, MeHbiuefi, yeM BTOpad CTENEHE H3MEHEHHS HOMH-
HANLHOI'O HMANPSIKEHHS OTBETBJNEHHA, a NpH NpHBeeHHn
K CTODOHE HEPEryJIHPYEMOIl OGMOTKH — YMCHBLHIAGTCS MpO-
NOPOHOHAILHO  YMEHBLIEHHI0 OTHOCHTENBHOTO CONMPOTHRIE-
HAS Xz B COOTBETCTBAH C Taba, 1-1.

Inst OUEHKH H3MEHeHMs CONPOTHBJIen#d TpaHchopma-
TODOB STOfi TPYNNH HpPHMEM, 49TC H3MEHEHHE OTHOCHTENb-
HOTO CONpPOTHBJEHHS X [aBHO:

) L]
¢ 1

*

(11’]—[2)—(]1‘1-14). ¢ Kos(pHUHERTOM

m:?’ (1f1-15)
L]
Torpa us (1T1-3) u (111-4) momyumm:
Xe(p)
mz@-“; (i[1-16)
Xr.(up) 1
Xreplhp) SR (10

B 1abn. 1-1 GombmmneTse TparHCHOPMATOPOB, KOTOPLE
MOryT OMWTh OTHECEHE K STOi IPyNNe, XapaKTepHSYITCS
por;momegnmm {1T1-18)—(1F1-17) ¢ xospuuHEETAMY N

Jas  OpHeRTEPOBOWMBIX NpencTaBIeHHI paccMoOTpHEM
K. 5. B cxemax mo puc. 1I1-1 npu yciomus nmramis or
cicremsl  Geckokeunolt mommuoctH (Xe==0, Us==mnoct.).
Hexoms m3 (111-6), (II1-7), (1I1-13), (1I1-14), (1I1-16)
u (U1-17) nns otzensuslX rpynn TpancHOPMATOPOB, Ha
puc. 11-2 u 1I1-3 mocTpoeHk! OTHOMIEHHS COMPOTHBIEHU
%z {%r.cp (UpH K. 3. B cxemax ma puc. II1-1) B sasucumo-
CTH OT OTHOMIEHHA HOMHMHAJbHLIX HANPSDKEHHE perynupye-
mo#t 06MOTKH a=Ugp)/Un.cpp) IpH AHATIA30HE peryiHpO-
BanEA Hanmpsxenus =+129%. Ilpu stom YUHTHIBARTCS] =
=06 u n=1,0 pas Bropofi rpynmu TPanchopMaTopoB H
n=10 u n=2,0 Ans TpeThelk IpynmL TPaHCHOPMATOPOB.

Jns oneHxH mpesenoB mSMeHeWHii TOKOB K. 3, B 3a-
BECHMOCTH OT NOJOXEHHS [epexumiovaTesisi OTBETBJECHHE,
yurrhsast  (111-3)—(1I1-4), cocrasum cooTeeTcTBYIOmME
BhpaXeHusd Las TOKOB B cxemax no pme. 1I1-1 npm k. 3.
B toukax K-1 u K-2.

K. 8. B Touke K-1. Ornomensie I(ap) B Heperyaupye-
Mok 06MOTKe npx paGote Ba moGOM OTBETBJEHHH K TOKY
Iepp) TpH paGoTe ma cpefHeM OTBETBIEHHHM B CXEME mo

puc. 111-l,a pas caysast K. 3. HENOCPeJICTBEHHO 33 TpamHC-
popmaropom MOXHO nomyunTh, yunTemas (1I1-4) cregyio-
um o6pasom:

Ue

._.__c ————n B
I(Hp)= xﬂsp); Teptup) = Fr.cplup) °

IH}J = Xo.cpl{mp) _':" .cp
Teplug) Xp(up) Xy )

OTHOLIEHHe TeX e TOKOB CO CTOPOHEl PeryJiupyemoit
ofmMoTku B cxeme 1o puc. 1I1-1,a npu yuere roshhuunenta

(1r1-18)

Tpancopmanyy (101-4a) u (I1I1-18) pasmo:

Ustap)
() low) g
i cplp) Uﬂ{l{p)

cp ep) Uu.np(p)
sxr.cpfnp) Uu.cp(pl_-f"-cl-‘ 1

%z (up) Us(p) Xz o -

(111-19)

ApanorHusio Ana cxemul Ha pue. 1I1-1,6, }"!m:runasl
(1I1-3) u (1I1-4a), noxyuaem:

Ip _ Xo.eplp) “—_icw.cp A
-
fepip)  Xx{p) e

(111-20)

x ,c
e

Twp) _ *roptp) Untp) a1
lowp)  %2tp) Usicplp) %o 1@

Bupamenns (1T1-18)—(1I1-21) Moryr 6uITE HCDOMB3O-
BaHb JIS HENOCPEJICTBEHHOTO ONpeleNieHys HSMeweuus T0-
KOB K. 3. B Touke K- B cxemax no pumc. 1I1-1 npu mame-
HeHHH paGouero OTBETBNEHHS TpaHC(OPMATOPOE ¢ Napa-
merpamk no tabs 1-1.

3 (1I1-18)-—~(1I1-21) BHANO, YTO OTHOLIEHHE TOKOB
Ha CTOpOHe wmeperynupyemolt ofMOTEH OoJblue, uYeM Ha
cropore peryaupyemoli 06mMoTkH, B a=Ugxp)/Us cpipy pPas.
Yupmeeas (1I1-5), (1I1-12) wu (17-15), moxmo us
(111-18)—(111-21) nOAYYHTHL OPHEHTHPOBOUHHE o6a6IIeH-
Hble 3aBHCHMOCTH OTHOWEHHH TOKOB IpH K. 8. B Touxe K-1
B cxemax no puc. -1 pns orzensHeix rpymm Tpamcdop-

(1r1-21)

Zrip)
X
14 r?i{} Zeplrr=10)

T
;:: ’/// fiep{ww}

::/"/ ol :—-u—-U”er
Fap(n-20) Uy.epter
ag8 052 0 0% 108 12
4 \\é__ Sap(ﬂ 2, 3}
Saatr=10)~ i

/?, a9
| 74N
22;(#-&5}-4

g7

N

P
2zp(n=11)

e

Puc. 112, 3aBHCHMOCTE OTHOIIEHAR Xa(ppXz.cp(p) CO CTO-
PoHBl perysiHpyemoit OGMOTKH B cxeme mo puc, 1I1-1,6 or
t=Unp)/Un.cpp) TPH K. 3. B Touke K-1,
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Ta6nuoa -1
COOTHOIERHA S TOKOB NpH K, 8 B T0¥Ke K-/ B cxeme no puc. 111-1
Cxema 1TI-1, 8 Cxema 1TT-16
OTouleHIn 1OKOB Tpyma Tparchopmaropa
I | I 1t 1 11 I
Iip) 1/a 1 _ . 1 _L_

Tetp) —aGFA alf=*) 1fs o a3=7)

) ) & L i

Teptsp) 1.0 a” L Va a(1+7} Tei=Ry

"rfﬁJ'
matopos B BHie [flop=f(a). PesyisTaTel npHRezeHH T
HHxe B Taéu. 1I1-1, e ol

Ha ocroeasuu s70# Ta6auus Ha puc. 111-4—1I1-7 no- '
crpoern  sasucEMoctH  [fIey ot  Ros(dmumenta o= :
=Uspy/Us.cppy TpH K. 2. B Touke K-1 B cxemax Tmio Zepln=10, 13
PHC. iﬁ-l JJIst BCEX TPeX TPyMI TpaHcgopMatopos ¢ yde- \

TOM Jyist 8Topol rpymiml #=0,6 u n=1,0, a gana Tperneil Zap(n=05)\, 12
rpymoel n=1,0 u n=2,0. \ -

Kak suano us puc. 1I1-4—1T1-7 npu mamesenuu pabo- L oy k Feptn=216)
Yere OTBETB/EHHA BO3MOIKEH 3HaUHMTENbHEIH Ppasbpoc TOKOB s i, L =T Ty
K. 8., YTO JOJXHO YUHTHIBATLCA NPH PacyeTax YCTaBOK H \‘\, | of=_"1F)
YYBCTBHTENBHOCTH peneiHOH sawsTh. CaezyeT OIHAKO Jgpln=10)| & eplp)
HMETE B BHAY, YTO OPH COTIDOTHBJIEMHAR OCUCTEMH X, qe g2 0% AT
COH3MEPHMEIX € COIPOTHBIEHUHMH TPaHchopmaTopos (arTo- [~ 3ap(n=1)
TPaHC(OpMaTOpPOB) Xy B CcxeMax mo puc. 1I1-1, asmenenus <] st \\5\\“‘\1
paloYero OTEeTBJCHHS OYAYT OKASHIBATH MeHbllee BAHSHHE Jepln=28) ’ \\ I
Ha 3MaveHust TOKOB npd K. 3. B Touke K-, uem 5To moka- g \ 2ep(n=03)
3apo B Tabs. M1-1 u na puc. 1I1-4—111-7. 98 Zap(n=10)

K. 3. B Touxe K-2. OGospauWp CcONpOTHBAEHME NH-

HUY MeXAy Wwunamu [ u /1] B cxemax mo puc. 1I1-1 wepes 97

X (OM), st OTHOLIEHHS! TOKOB CO CTOPOHBI HEPEryJHpye- |
molt obmMomrkH B cxeme mo pue. 1[1-I,¢ mpw k. 3. B TOu- .
ke K-2 noayum: us '

U
gy = ——

Prc. 1T1-4. 3aeucumocts Jipy/lope) H& CTOPOHE perymHpye-

Ustep) |* moft o6MoTKE OT @=Uyp)/Upopp) B cXeMe no puc. 1T1-1,a
Xr(up) ~+ Xn ¢ ey npe X. 8. B Touke K-1.
Iom_
) o | Lo
‘3 | %r.copep) [
sz{mzﬂ)\ ) 4 ! &
= J2p (=20
9 12 / 2p(=2.0)
D AN
= 1 zln=10) : L
\\\ /::‘___. Z2ep(n=05) 2%l B _AJep(n=10)
12 1 120 22p(0-05)~—_] otz Dtr)
&U?L“m gl o 108 112, _Uyp 7284 brep(o)
" o 1
e | 89 N N > w ~—3250-09)
fapfnﬂ',ﬂ] = 4 \ ‘f“,f‘{":{ﬁj ‘ﬁ:—-— 4 I{ _;g)
=N P pin=
— 08 Jap(n=50) 7/ -
Tep(n=20) 2
07
ay
113
U

Puce. IT1-3. 32BuCHMOCTH OTHOUTENYSI Xogup)/Xr.cp(n

Co

CTOPOHH Heperyaupyemoll o6moTkH B cxeme no prc. 111-la
- 0T a=UnpfUs.cpmp) Tpu K. 3. B Touxe K-1.
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Puc. 1T1-5. 3apuckmocts orHOweHHA [up/lcpmp) Ha crO-

pone Heperyn#yeuoﬁ o6MoTKH oT o=l
-l,a opu k. 8. B Touke K-I.

Me mo puc, 1

u(py/

r.epip) B CXe=



Ue

fcp{up} =

Uﬂ(}ip)‘ ]2
pip)

Xz.cplrp) + % ["U":_“

[ Unsp) ]2

lagy _ Xresm) ¥ %) Tocop ) (o)

Aeptap) Usn(ep) 1° :
Xatup) + % | o

Ilpn o6osHaveHHH

Unpy/Us.oppy=Fep € yaeTOM

f{111-4) u (1I1-4a) wmomxuo npusectn (111-22) x BHAY:
20 (n=11) Lo
Zep(n=035) 14 Iy
120 \\ 13
\k\ 12
Jé”ﬁ?:f,ﬂ)‘\\\‘\ i
\\ ; tf:-Uﬂ
3epin=20)}. 5 Unapip)
ggs 052 4% 10 T RN

Q’g N

Sepln-28)

\§ 2 (0-10)

™

08

lep
\\\ 22p(n=05)
Zep(n=40)

47

Puc. 1I1-6, 3apucHMOCTD OTHOIIEHHUS

6

Wlenp) Ha cTapone

I
peryaypyemoll 0o6MOTKH OT u=ﬂmﬁgn.cp;p, B cxeme IHO
puc. 11[-1,6 npu &. 3. B Touxe K-1.

Tupy
" Tepem
2ipln-10) e
22p(n=05) 12

<

L/
e

fop 7 Adgpln=2t)
1 o™ 30 Eﬂ'ﬁ‘?ﬂ
3ep(n=10) | /l/-ﬁ?r”‘”’{m _Lﬁggpl
0ge 42 0%-Tp & i i
| BRSNS
Y 63 l2p
3ep {n-f,ﬂ)}‘/ \\i\ Z2p(n-05)
gz ~Zep(n=10)
G
a6

Puc, 1I1-7. 3aBHcHMOCTB

otHomeHus [

apflepmpy HA cTO-

foue HeperysmpyeMoll o6MoTEH 0T =1 gp)fUs.cpipy B CXe-
e mo pue. ITT-1,6 npu k. 8. B Touge K-1.

Xr.eplup)
I(sp) ey T
Ieptap) - Xr.cplup) fr Xp . Ll
Fep (f"":p) o

OTHOIDEHHE TOROB CO CTOPOHH peryiaepyemol o6mot-
KH, KaK JIOK438HO BHINE, MOMHO TOJAYuUHTH HeNeHHeM Of-

HOIIEHHA TOKOB CO CTOPOHEI Hepeﬁuggpyemﬁ o6MOTKH Ha
a. B cootserctshu ¢ stum w3 (1I1-23) caenyer:

Xr.cplup)
i) By | W (111-24)

Teptp) aXr.cplup) [ XT + E2
&, cp f-r.cp «%

st opuentnpopxks mpumen B (111-23) u (1T1-24)
X1 cplap)
N T

Toraa noayuHm:
T 2

- ; (111-232)
Tepwp) o + 1

Xe.cp ot

L
I
5 - - (111-24a)
Ieptp) —  9%r

f’r.cp o

ApanormuHo npE X, 3. B Towke K-2 B Cxeme ToO
puc. LT1-1,6 noJrymmm:

Ue
Ip-__. UH(p} A
Xe(p) =+ Xn o ) -
Ue )
ICD'P)= UH.Cp{P] ]2 ]
Xr.cp(p) -+ *n T
Un-:.cp{p) ]’
Ip) Xr.cplp) + ¥a Uﬂ(—rlp )
Tepip) Uao) T (111-25)
Xo(p) 4 Xn iy
Utap)
Vemoss (19, () & Ay=-paoo, us
(1[1-25) monysaem:
I B eprs. $x
(p) - : cp¥.cp(p) b X ; (I11.26)
Tepip) Xz E
o | RPcpXr.cplp) chp' -+ ofxy,
Ms (111-26) ymuoxenwem Ha a NOJYdHM:
. K pXr.cpip) + %
) cp¥r.cpip) n S

’cp(l'lp) ; fr
o k’cpx,_cp{p)( s + o %,

Ias opuestHpopkH npumem B (111-26) u (111-27)
kgupxd.n’(pjﬂxar-
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Ta6nuua -2

CoorHolle it AN TOKOB npH K. 3. B T09ke K-2 B cxeme no puc. 111-1

Cxema 1T1-1,a Cxema II-1, 6
Orpouwesysa
. TOwoB Ipynna pavcdopuaropa
I 1 11 et 1 1 I 11
Itp) 2 2 1 2 2
5 = 2z
!r:p(p) m_i..__.l_... afitl +-—“-- ql*n_I_—!— a? a (an-i-l) ug( In +1)
o o o
-
2 1 2 2
"(';P} 2 — Wi
1 1 I o & ("4 1) L
Lep(up) i L P *\ e +])
V48
1
13
,)Jga!n-Zﬂ)
12 v J2p(r=10)
172 Bwln=20)
o 427 _A3epln=10)
¥ L. " Fm}
U
S e e “rpl
-ﬁ 1 : Q) (0
35‘,{#,49;]{";—24?-{ ezl L 0o 1z % 0Nl 108 117
: e SIE L | | Sl T Senln=10)
e vl o ﬁ"“::wrmm
N
Fep(n-20~ 0s g8 ' \23@4,&;
\‘Eeﬂ(m&a‘f
a7 o 2ep(n-11)
LN 28]

-

Pue. II1-8. 3asuckmocTs oTHOmweHHA [flop H2 CTOPOHE He-
P nnp%euoﬁ H peryaupyemoit o6MOTOK OT Q=
= Unipy/Us.cppy B cxeme mo puc. 1fl-la npy k3. B TOY~
Ke K-2.

NMp¥meganus: 1. CnaomHoll nuniefi nsobpameHa KpHBaf,
cooTsercreyiomas woamenenmo Iff, =f{g) ma cropoke perynupye-

Moit OGMOTEM; NYHKTHPHOA == Ha crolwne HeperynupyenMoil oGmoT-
ki, 2. Kpusue nocrpoemsi cornacHo (1I1-23a) n (1I1-24a).

Torpa nonyunm:
Iip) 2
o - e - ln_
Iep(p) f“r ' (113:26a)
2 a
% x‘l‘.l’lp + 2
i) 2 (111-272)

Teptup) i f-r ;
-3 oo +a

Yunrmsas (111-5), (111-12} mu (1I1-15), moxuo H3
(1I1-23a), (1I1-24a), (1T1-26a) u (1I1-272) nosxyuure opu-
eHTHDOBOYHBIE 3ABHCHMOCTH OTHOWEHHE TOKOB IPH K. 3.
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Puc, 1I1-9, 3asHcnmocts orHomenns Iflqp Ha cropoHe pe-
ryaipyemoit M Heperyampyemofi ofmoToK OT 0=
=UE(§JUH,“(F, B cxeme no prc. 1II-1,6 npu K. 3. B TOU-
xe K-2. )

Mpuwmegaunka: 1. Conomkofl nrHHell #n306paMeHel KPHALIE, ©
CODTDCTCTBYIOUIHE MSMCHEHHI0 !Hcpmf(a) Ha CTCpOHe Deryaupye-
Mofi OGMOTKM; NYHKTHPHOM — Ha CTCpOHe neperylHpyemoft ofmor-
ru. 2. Kpepme mocTpoeHel cormacko (1M1-26a) m (111-27a).

B Touke K-2 B cxemax no prc. 1[1-1 pas otpensAbX rpynr:
tpancopmaropos B suie [/lep=[(c). PesyaeraTs mpH-
Bepensl B tada. 1I1-2.

Ha ocHoBanwH adanusa cooTHowenHit TaGn, 1[1-2-
MOIKHO YCTAHOBHTH, 4TO INpH K. 3. B Touke K-2 Ha
puc. 10-1l,a u i1I1-1,6 posmoxen Gonbmgfi pasépoc TOKOB-
K. 3. IpH H3MeHeHHH paGowero OTBETBJIEHHH, YeM NpH K. 3.
B Toyke K-I. Ias mnmocrpauwru Ha poc. 1T1-8 H LI1-9
noctpoesH sapHeuMoctH [[/lep 0T Kosbmumenta o=
= V/Uncpipy TPH K. 3. B Touke K-Z B CXeMax mo:
puc. 1I1-1 gas Bropoit rpymns upy =05 r n=1,0 u 113
TpeTkell Tpynne npH n=1,0 1 n=2,0.

Ha puc. 1I1-8 u IT1-9, a Ttakxe us mpumepa 1-2 mnp-
HO, ¥TO B psle cuyuaeB GOnbiimii pasGpoc TokoB OyAer
AMETH MECTO He NpH K. 5. HemocpexcTBeHHo sa tpaHcdop-
MATOpOM, & H2 OTHAJEHHH OT Hero. _



Npunomenue 20-t

MlorpelIHOCTH BLIMHCIRHIA TOKOB K. 3. MPK Heydere OTAeMbHBIX BNMSIOWMX (haKTOPOR

A. CootHoweHMS [Ns TOKOB K. 3. NPH PacXOMAEHHM

3. 4. G. reHepaTopoBR No MOoAYNI0 H (aze B Cxeme
no pc. 2Mn-1,a.

B pacumpeHHOii cXeMe SaMellleHHs TIPAMOf ToCneo-
BatenpHOCTH Mo puc. 2[1-1,6 compotuBnenne Zy (Kpome
CONPOTHB/IEHHs OTBETBJIEHMS B CXeMe NPAMOH NOCNEAoOBRa-
TeNBHOCTH no puc. 2T1-1,a) skmouaeT B cebst pESYJBTHPY-
IONMe CONMPOTHRNIEHUS OTUOCHTENBHO TOMKH K. 3. CXeM 0b-
paTHOR M HYJEBOH NoclefoBaTeJbHOCTEl B COYETAHMHM, CO-
OTBETCTBYIONIEM PACCMATPHBAEMOMY BHAY HECHMMETPHYHO-
ro nospemxsenys. Bee  COMpOTHBNEHHS  CXeMB IO
puc. 2[1-1,6 npHUHEMAIOTCH HMEIOLIMMH OBHMAKOBHI yromn.

B coorserctemn ¢ puc. 2[1-1,6 coctaBaM ypaBHeHwe:

Er—En=2Zulu—Zinlm; (211-1)

Er=2Z g+ Zx (Lix-+lh11) - (211-2)
Pemasn cosmectro (211-1) u (211-2), nomyuaem:

; (Zy11 + 2 Ey
U ZnZar + 2y + Zynde

Terepamopll

Tengpamopl

Puc. 2I1-1. Hcxonnas cxema M ee cXeMa 3aMEUIEHMs IS
OUEHKH BJHSIHHS DPACXOXIEHHMS 9. M. C. FEHEPATOPOR IO
monymo B dase,

@ — uCXopHas cxema; 6 — pacllMpeHHas CXeMa 3AMeUIenHs npsiMol
NOCAECBATEBHOCTH.

‘G.Keil’.l{ Lo

Prc. 2I1-2. Bekropusie fxarpaMMEl TOKOB B OTHGIBHEIX BET-
BAX H B MecTe K. 3. B cxeme mo pue. 2[1-1.

@ -- BEKTODHas_ JIHATpAMMA TCKA B MeCTC K. 3. B CXeMe HA
puc. 21-1,6; 6 —BeKTopHas IHAarpaMMa TOKa B pernd J cxemel
Ha puc. 2[T-1,6; [/, — Tok npsvoll NCCAENOBATENBHOCTH B MecTe

K. 3. B cxeme Ha pmc, 201-1,6 -111 I -JIII 11 — COCTaBASIOLIEE TOKA
NpsMOfl NOCNENOBATENLHOCTH B MECTe K. 8., OOYC/IORJEHHEE COOT-
netcToerHo 3.4 ¢ £y u Epy wa pec. 201-1,6; Iy —Tox npamoit

nociefcBaTeNnbHoCTH B neTsh J B txeMe mo pue. 271-1,5: i’u’."’
cocTamARIONAN Tokd /iy, BH3RAHH2A KefcTBHeM 5. n. ¢, Ep I —
cocTapusiOias Toka Iy, BEIssaHHAs neficTeueM s.m.c. Eyp 80—
¥rom, Ha KoTopwift mektop E; onepewaer mexrop Ery. '

T ZeEy e s
T Tt 2. Tu—Tpn (215

Hiers ZIZII+ZK)E,1 B

1wz + ZyZe+ Zyp
Z.E,

T Iyl InZi+ Lz I'ip—1Iyg 204y

lg= Zinks + Znfy A P

ZnZin F ZiZe+ Ly — e

(21L5)

rae Jixx M Iy @ — cocTaBRnAIOLIME TOKA B MeCTe K. 3.,
oGyCcnOBNCHHEHE COOTBETCTBEHHO 9. A. ¢ Fy M £

O6mas 3aBHCHMOCTL TOKOB B MecTe K. 3. H B OTJeNb-
HHX BETBAX CXeMH no puc, 2T1-1 ot yrsia O — yraa pac-
XOXAeHast 3. A. c. redepatopos I u Il BrisicnsieTcss ¥3 Bek-
TOPHOH maarpaMmel No pHe. 2I1-2,

B cooteercreun ¢ puc. 211-2,a u 6:

Ix=V Pirs T Firi + 2 ip n cos 85 (2116).
=V hi + L — 2yl cosd. (27

Anandrauro
e ]f I I TaE ol coss.  (218)

Ha (2I1-6)—(2I1-8) Buaro, uTo. NpH yBeJHUEHWH yraa
0 TOX B MecTe K. 3. yMEHbIIAETCH, 8 TOKH HAa OTAEILHEIX
YyacTKax CXeMEl yBEJIHYHBAIOTCH.

Jnst coyyas pPABEHCTBA MO MOAYIIO COCTABJNSIONIHX TO-
xoB B (2A1-5) Ity x=Iyx ;1=1; monyunm wz (2I1-6)

Iw=T1,V2(1 Fcos d).

Ins s70r0 ciyuast oTHOLIEHHe MOAYAH TOKa NPSIMOL
NOC/IeAOBATEIBHOCTH W MECTe K. 3. NPH Yriie PacxOX<IeHHs
9. A. ¢. renepatopoB [ u II no ¢asze, pasnom 8, K mony-
JI0 TOKa TpAMOIl NMOCNEAOBATEBEHOCTH B MeCTe K. 3. NpH
orcrrcnam—r pacxoxjieHHst 9. A. C. TeHepaTopos Tio tha-
se [1]: ;

Fase I _V1+cosﬁ
B P 2 3

1K.Hay

(211-9y

(2r1-10)

s (2I1-10) MOXKHO YCTAHOBHTL, YTO IMS TOr0, YTOGH!
%‘lz% Gewto me Mempue 0,95, yroa & Aomxen GHITb MeHsle

A‘m': I

PaccMoTpHM H3MEHeHHE TOKOB B MeCTe K. 3. ¥ B Ber-
pax I B II cxemn no puc. 2[1-] wak B 33BHCHMOCTH OT
yraa 8, Tag H OT napaMeTpos cxemil OG03faudM B cxeme
no puc. 2[1-1,6 oTHoweMwe 5. H. C. TeHEpaTOpOs

E
MR (2AF-11)
“Ix
H OTHOUIEHHS CONPOTHBNEHHH
T (2I1-12)
Zy+ 2y O
Zin
L U B ol 13).
Ziut 4 b e
Zx (21 14)

ZintZy, ¢
12F
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Puc. 201-3. 3aBHCKMOCTL OTHOCHTENBHBLIX TOKCB B Bersy [
«cxeMHl Ha pHe. 2[T-1 or yrna pacxomienms s. o c reHepa-
TOPOR IPH TPeXdasuoM K. 8. (Bnau=0).

dyy —monyns Toka B Beteu J cxembl ma pue. STi-1 npr Tpexdas-

HOM K. 2. npH eT¢ PACXOXIEnHs 5.1, c. rexeperopor I u FI mo
thaze na yroa g“:{ a=10; Iy, — MORYNH TOKa B BETBR | cxembl

#a pHe. 2[1-1 UpH neywere PACXOMIGHHS . j. C. TENEpar
Mo dase (O,,,=0) u 0=10, s Uedl

41 ; z

e e W
Z11ta1n Z 1+ Zpyy -

BE=
IlpeoGpasopannem (201-3)—(211-5) momyunm:

(0 —B+1)cel® —y Ey
hi=—— o %} (2r1-15)

(6 + 1) — yael® £xp

) PR s s Lol
111 (I —8) +1 Z ° (2I1-16)
‘Tae
_(—peel 5 Ey
="0—p¥r 7 G-17
Zy=Zyt+Zin. (211-18)

Orowennss mopynedt Toxos Iu, fir, fie mpe yroe
PACXOMKACHHA 3. Ji. C. I¢HEPATOPOB, PaBHOM &, K MOAyJsaM
~TOKOB J1x gaw, Jirrmaw, lix.maw COOTBETCTBEHHO npe yrae
pacxoxienss 5. A. ¢ renepaTopoB dxaw=0 npa Tpexdas-
HOM K. 3. B COOTEETCTBHE C (2 -15)—(2H—17f PHBER:

I _10—ptyeel—y]

} = R
I s s i
@ Bty —yee®]
A = Nitea 1@+ —1| (211-20)
' ! (1 —p) e+ )|
(3) 1K - . ]
b = ! 1x. viay [(I—p) =48] (2r1-21)

Ha pnc. 2I1-3 npHsefess 32BHCHMOCTH OTHOCHTENbHBIX
T0kOE B BeTH [(AGly) cxemm mo pue. 2T+l oT yraa pac-
XOAeHHs 3. A. C. renepatopos [ m II mpr Tpexdasnom
K. 3. M HaYajabHOM yIJie PACXOMKJEHHS 9. J. C. I'eHepaTopos
d v Il dgay=0, IpH @=1 M pa3JHYHHX BHayeHH#X § H Y.

Jns onpefeseHHs COCTABMAKIINX TOKOB OOGpaTHON H
HYZEBOH MOCJEROBATENLHOCTEH NPH 3aMEKAHHAX HA 3eMJI0
B [epBOM NPHOAMKEHHH NIpHMEM, UTO OTHOCHTENbLHOE TO-
wopacnpefefleHHe B cXemax 3amelleHHg STHX IOCAELOBa-
TeNBHOCTEH OJHHAKOBO:

jﬂl’ }'21

Ioy  Ion

zIIl
ZII g

(21-22)
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Ilpu stoM Insi 3aMEHIKAHHMS HA 3eMUIO OAHOR (asu

Z
()N ) W— 1 ST ) (.
19 =i = A 1t _41._3)11,(,_ (211-23)
1 1) _.z_" ; 1) 1)
I =15 = Tyt Bint If) =pif. (2r1-24)
a Ans 3aMHEKAHHSA MeXAy AByMs Gasamu
z
- R ;. . S| N @
I8 =— Ay o IP=—(—pIP. (21-25)
e B ym__ym o
211 Zn ¥ Zyy i he |

Yuntueas (2I1-23)—(27-26), oTHoureHHe Momynell To-
KOB ©OOpaTHOi H HYJEBOR NOCIejoBare]bHOCTell B BETBAX
CXeMH! MpPH PACXOXKIERWH 5. 1. C. TeHepaTopoB Mo (ase
K MOILYJAM TOKOB OOpPaTHOM M HYJeBOH NOCNENOBATEINb-
HocTell COOTBETCTBEHHO NPH duae==0 Xpn moGom BHAE He-
CHMMETPHYHOrO K. 8. ONpPEJEIsieM AHAJOTHYHO OTHOLICHHIO
MoxyJeli TOKOB IpsMOfi MOC/AEIOBATEIBHOCTH B MECTe K. 3.
no (2[1-21):

| (1 —p)ael 48]
[(A—B)e+Bl
(211-27)

Ilpr oancdasHoM 3aMHKauHH Ha 3EMJ0 OTHOUIeHHE
MOAyMs TOKA (aset A B MeCTO 3aMHKAHHS Ha 3eMo
B pacdeTHHit MOMEHT BpeMeHH K MOAymo Toka (asm A
B MecTe 3aMBIKANH# Ha 3¢MI0 B HavanbWelfi MOMEHT Bpe-
MeRHE (OpH Oyan=0} paBHO OTHOMEHHW) MOAYNEH TOKOB
OTAENbHBIX TocefoBaTebHocTell B cooteercTery ¢ (2I1-21)
R {211-27). :

CrepyeT oTMETHTB, YTO NDH PACXOM(IEHHH 3. M. C. re=

Heparopoe no ase ua 180° {efa=—l] TOKH B MecTe
K. 8., & TaKX¥e TOKH B OODaTHOH W HyJEBOHl NOCJENOBA=

Agp == Agyy = Agy = Bgpy = Ay =

o
TJBHOCTH PABHH HYMO TP = {5 (k. 8. ua orpeTnIE=

HHM OT TOUKH, COOTBETCTBYOINel IleHTpy KavaHuit) Hesa-
BHCHMO OT SHaueHuf Zy B cxeMe mo pme. 2I1-1,6.

Ilpn saMbRanuy Ha 3eMTio OfHON (hasH OTHOWeHME
MOAYAs ToKa (haanl A B BETBH CXeMM JIDH PacXOXKAeHHH
5. J. €. TeHepaTopoR mo $aze x MoAyJwo TOKa ¢asm A
B BETBH CXEMHL B Haua/JbHBIA MOMEHT BpeMeHH (NpH Dmau==
=0) ¢ yuetom (201-16)—(211417) u (211-23), (201-24),

PaBHEL:
3
s

|10 — B+ v) cel® — v] + 2 (1I—p{(1—p)oc/*+B] | .
M=+ Ve —1+20—pIT—p bl

1
Afd=

(211-28)
. S
HAT M
1B+ 1) — yael®| + 28 [(1 —p) oo™ +-§] |
R (R e B A (N A
: (211-29)

AnanormgHo MoryT GHTH NONydeHbl BHpaX<e€HHsi AJA
oTHOWIeHHs TokoB (pas B um C IpH s3aMuiKaHEM Ha 3emMJlio
(asel A.

Cootrowenust fas 10x08 Gaz A, B u C npH 3amHKa-
HEHAX MeXAy JAsyms (azamd MOryr GHTh NOMYYEHH aHa-
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Puc. 2I1-4. 32BHCHMOCTD OTHOCHTENIBHOrC TOKa HOBPEXJIcH-
Ho# ask B BeTBH [/ cXemH Ha puc. 2[1-1 or yrna pacxox-
HEHUS. 9, 1. C. TeHEpParopos OpH 3aMBKaHHE Ha semio a-
3Bl A (6na‘z=0).

.Jfl}l A —Momyms Toxa dasut A B BerBH [ cCxeMel Ha puc. 201-1

NipH SaMLIKaHMR Ha SeMAl0 ofHoli daam NPH Yuere PacXoXKIeHus
4.1 c. Tenepatopor I m Il mo Qase wHa yroa & r a=10;

101 5 rgq — MOLYMb ToKAa Gaswt A B pereH / cxemm ma puc. 211-1
APY 3aMbLIKAHHE- HA 23eMA0 ofuok QBSH TP "Hey4YeTe pPacXomjeHHs
S. R. c. renepatopos { u I no dase (O,,.-00 1 a=10;

Zi1 ¢ ZK
ai+Zim | ar+ 4

B=

JIOTHYHO COOTHOLIEHUAM NPH 3AMBIKAHHHX Ha SeMJIQ OFHOM
thasw OpH Mcnonmesoeanud (211-25) n (2I1-26).

Ha pnc. 2[1-4 nprpefeHs 3aBHCHMOCTH OTHOCHTEJIBHO-
ro Toka ¢asel A B BersH [ cxemsl no puc. 2[1-1 ot yraa
PACXOIKAEHHS MeXAY S. x. c. remepatopos [ u Il ppm
BaMLIKaHMH Ha 3eMNI0 olHo# (asel, HAYAJNBLHOM YINe pac-
ROMJIEHHS 5. 1. C. reHepatopoB Wgaw=0, a=1 H pasmmg-
HHIX 3HaYeHusx f§ H 4.

Ha ocHopawyy NpHBENEHHBIX BHIIE BBIPaXKeHHH H
puc. 2[1-1—2[1-4 moxKHO cjenaTe CHeAVIOU[HE BHIBOLH
O BIHSHHH PacXOXKIEHHs 3. I. c. reHepatopos I u I mo
¢aze B cxeme no puc. 2I1-1 Ha TOYHOCTE BEIYHCIEHHH TO-
KOB K. 3.

1. [Ipe pasnuyMelXx BHAAX X. 3. OTHOCHTENLHHE TOKH
OTHENBHBIX TOCNE/IOBATENEHOCTE! K OTHOCHTeJbHble (as-
Hple TOKH B MecTe K. 8. (2[1-27) pamner mpyr spyry ® ue
SaBHCAT OT YAANeEHOCTH K. 3. (y). ITpn Tpexdashmx x. s.
TOKH B MECTe K. 8, H TOKH NpPAMOH NOCJeN0BATENbHOCTH
B MeCTe K. 8. [PH HeCHMMETDHWHEIX K. 8. C YVBeJHueHieM
yria pacxomJIeHHs MeXAY 3. NI, c. redepaTopoB { u Il
CXeMH 10 pHC. 2[1-1 yMenbluanTes.

2. Tlpn Tpex(asHpix K. 3. OTHOCHTEJLHHE TOKH B BET-
Bux [ u I cxempr no puc. 20141 c yseamueHHeM yraa pac-
XOMAECHHS. MCXM/Y 3. Ji, C, T'eHepATOPOB YBEJHIHBAIOTCH W
OPAERMAIOT HAHGOJMBIHE SHaueHus: npH O=180°. Kaxk sun-
o ns puc, 2I1-8, orrocuremvuert Tok A®hr B persn [/
Bo3pacTaeT OPH YBeJiHyeHHH y IpH f=consk

3. [pn opHohasHEIX K. 5. OTHOCHTETBHBIE tasupe TO-
Ki B BetBsx I H I/ moppexcnennoil dasm A cxemsl no
puc. 2[1-1 ¢ yseauueHnem yria pacxOXuenus MEXRY 3. J. C.
rerepatopoB / ¥ [/ OpH Tex e sHayenmsx $ H ¥y, uTO
H OpH TpexdasuplX K. 3, HSMEHSIOTCA MeHee pE3NO, 4eM
npH Tpexdasnux K. 8. (puc. 2I1-4). D10 O6GBsICHRETCH
BIHMSIHHEM TOKOB o6PaTHON W HyJNeBol HOCTe[OBATEJIbHOC
TeH, KOTOPEIE YMEHBIIAIOTCS NPH YBEJHUGHHH yIja pac-
XOMACHHS. MEXIY 5. J. ¢ renepatopos I u Il cxemsl mo
pc. 2I1-1. Cuelyer, olirako, YUHTHIBAT, YTO NPH 3aMBIKa-
HHAX Ha SEMMIO OJHOH (Daspl 3HAYEHHs Yy SHAUHTENLHO
Goxblile, Yem UPH TPeX(asHBIX K. S, 4TO (AKTHYECKH NpH-

BOZHT X SHaYHTENLHOMY YBEIHYEHHIO OTHOLIEHHS TOKOB
OpH SaMHKAaHHAX Wa 3eMJI0.

4, Ofumii xapakTep H3MEHEHHS TOKOB B BeTBax | H
IT cxemur no pyc. 2I1-1 TpHMepHO ONHMAKOB.

B. CooTHOLUGHMS NS TOKOB K. 3. NpM yvyere
BAMAHHA MONEPEUHLIX EMHOCTHEIX COMPOTHBMEHMI NMHMI
B Cxeme no pwe. 2M-5

B cxemax no puc. 2[1-5 B measx ynpomerus conpo-
THBJIEHHS OTAENbHLX NOCHENOBATENBPHOCTEH NPHHATH GOH-
H2KOBBIMH.

B coorpercteru ¢ puc. 2[1-5,¢ Tok npAMoit Hocyieno-
BATEJILHOCTH B MECTE K. 3. NPH y4eTe HOTIEPCYHOH eMKOCTH:

- -
gl i ¥ceru + X~ J 2% + Bxg(e)] *

Preent T T x. — (%5 + BXxied)]
Jxe

A I —a ¥ ™
Er

— Xeetn BXi(e i
fl:{xx‘f' Bx(e)) + Xeeru— e Z = J

(211-30)

IH€ Xcern — CONPOTHBJEHHE CETH, PABHOE CYMME CONMPOTHB-
JIeHHST reHepaToOPa W NOJIOBHHE! CODPOTHBJIEHHS JIHHHH JO
MecTa K. 8. ¥o — CONPOTHBJIEHHE NOIIEPEYHON EMKOCTH JIH-
HMH; Xy — CONPOTHBJIEHHE, XapaKTepHsyOLiee YAaJNeHHOCTh
K. 8., paBHOe NOJOBHHe CONPOTHBJICHHS JHHHH; Axgie)—
ZOMOJHHTE/ILHOE CONMPOTHBJIEHHE, XapaKTepHsyollee yna-
JIEHACCTb HEeCHMMETPHYHOO K. 3, OT HeHCTBHTEALHON TOUKH
K. 3. B0 (HKTHBHOHM TOYKH K. 3. NPH ydeTe HNoOnepeuHoil
€MKOCTH JIHHHH,

Tox npaAMOi nOCNENOBATENPHOCTH B MeCTe K. 3. OPK
Heyyere OoNepeyHol eMKOCTH (xe==00):

I - Er
=) ™ 7T+ B%n) T Feeral |

rre Axy — RONOMHHTEALHOE CONPOTHEJIEHHE, XapaKTepHsy-
IOllee YRANEHHOCThL HECHMMMETPHYHOTO K. 3. OT JeHCTBH-
TeNEHOH TOMKH XK. 8. B0 (HKTHBHOH TOYKH K. 8. NIPH Heyde-
Te NolepeyHol eMKOCTH JIHHHH,

OtnocutenbHile TOKH NpsMOR, 0OpaTHOR m Hynesoil
TOCTeIOBATENBHOCTEH B MECTE K. 3. UpH moGoM BHAE K. 3.,
paBHBIE OTHOWIEHHIO TOKOB COOTBETCTBYIOIIMX NOCHEIOBa-
TeJbHOCTE NPH yueTe NONEPEYHOH eMKOCTH K TOKaM IpH
HeyyeTe IIONEPEYHOH €MKOCTH, PaBHBl Mexny cofofi s
LAaHHOTO EHJa K. 3.2

(211-31)

I
Am:ﬁm:am:ﬁr—j = =
Ix (¥ _=00)
Er Hesmu Jxn
O-=—1—o—H
ir . I H g
—*e

Puc. 211-5. Micxonsple ¢XeMsl BaMEIIeRHs A5 OUEHKH BJIHA-
HHS LONEPEYHBIX EeMKOCTHBIX CONPOTHBNEHHH JHHEM,

€ -— CcXeMa 3aMelleHms1 NpsMoll NocneloBaTenEHOCTH, 6 — cXeMa 2a-
MemeHHs o6parHofl H Hynesol noclemceaTeanHOCTEf.
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{2+ Ax) -+ -“ce{m . ]
- X, Xg Xifc)
(%x + AxXy(c)) + Xeern— = Xq :

(211-32)

Tox NpAMOi INOCTEN0BAaTeNbHOCTH B BETBH NHMTAHES
TpH ydeTe NOMEPeYHON eMKOCTH:
I Be '
s . A% ] G & D)
Proem " jlxe— (et Bxge))]

OTHOCHTeNIbEBE TOK HpAMON  MOC/ACHOBATeIbHOCTH
B BeTBHM MNTaHHs B cooTeercrBEE c (2[1-33) u (201-31):

!ll‘__.z:: Foem o+ X E A%
75 Xe (%x + Bxx(0)).
(=<0 Xeery +: Yo — (%x T AxXi(e))

(211-34)

B cootsercreun ¢ pHe. 211-5,6 u (2[1-30) rTokm obpar-
HOft H HyAeBoll MOCAEAOBATEAEHOCTEl B BETBH NHTAHUA NPH
BaMbBIKAHHH OHHON (Aa3pl Ha 3eMNI0 K ydeTe NONepevHHX
eMKocTed:

{211-33)

A
T = }h_

ix ;
i (Xc — Xeern) L=
E, v
il j (X -+ AXr(c))
HXcern -+ i+ Atge)) — o N

-rsr= or =

iXc L4, Er
I (Ko — Xeerm)

X

f(’%em*i" X - BX(c) —

__ Xcemn (%x + Bxate)) l_'_xcm \ (2r-a4)
Xe ) Xe

OTHocHTe bHME TOKH oOpaTHOil H HyJesoft Hocneno-

BaTeJBHOCTEII B BETBH NHTAHHA PH 3aMBKAHUH OAHOM (a-
3Hl Ha 3eMJIO:

Agp == Aor =
_ Xeera + X+ X -
= coru (Xx -} BX, i
[xcem"f‘ (e Ax,({c;)v-x"““( R"{;c (c)) ]X
Lo Lo
Bl T Tortzmn = )
: ]

Bansiue HarpyskH, BKAIOYEHHON BMECTO eMKOCTH
B cxeMe Buxa puc. 2[1-b, npH pasHEIX SHAKAX eMKOCTHOIO
H HarpyscyHOro COMNpPOTHBJEHHI, Gyuer NPOTHBONOJOKHEHM
OTMEUEHHOMY 3JeCh BIHSHHIO €MKOCTM H2a TOKM B MeCTe
K. 5. H B BETBH NMHTAaHHA.

Hs {2I1-32), (2I1-34) u (2I1-36) MoKHO DHHOIHAYHO
YCTaHOBHTL H3MEHEHHe OTHOCHTEJbHHIX TOKOB MPH Tpex-
$askeix K. 3. (KOrna Axp=»Atxe)=0), a HMeuso: nupH
YUere eMKOCTH JIHHHH OTHOCHTENBHBE TOKH Nyx H Agn yBe-
JHUYABAKOTCH, Air YMEHBINARTCA.

Jnsi BHIsICHEHHA BAHSHES €MKOCTH JHHHH IIPH 3aMhi-
KaHHH Ha 3eMJIC ojHod (asw Ha puc. 2I1-6 npusenera
8aBHCHMOCTE OTHOCHTENLHEIX TOKOB NpfAMoOH, OGpaTHOR H
HyJleBoil nociepoBarelbHOCTe B MecTe K. 3. (Aje=lax=—
=) H OTHOCHTENLELIX TOKOB npfmoit (Ayr), o6paTHO#
H HyJeBoll (Aszr=lor) TIOCTELOBATENHLHOCTEHl B BETEM IH-
TaHkA OT YHAJIEHHOCTH Xy NpPH yuete Xo==comst. [TocTpo-
eH}e MPOBOAMJIOCH MPH yYeTe COOTHOIUEHHS Xcerm—tXrn=1,0
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Puc. 2I1-6. 3aBHCHMOCTE OTHOCMTENBHBIX TOKOB Ajp=dzx=
=Apx B MeCTE K. 8. H Ajp, Age=lAgr B BETBH NMTAHHA OT
YOANeHHOCTH SaMblKaHHA oxMofi (haskl Ha 3eMm0 H 3HAYe-
HHA DOOMEPEYHOr0 €MEOCTHOTO CONPOTHBJICHHS JIHHHH,
Mpumenanye HexonHasi cxema npepeneHa Ha puc. 2I1-5.

B cxeme mno pue. 2I1-5. Hs paccmoTpenssi BSasHCHMOCTeH
puc. 2[1-6 creayeT, WTO OTHOCHTENBMEL TOK NpAMOH mo-
CeNOBATENLHOCTH B BETBH NHTAHHS Aj;; B COOTBETCTBHM
c (2I1-34) ymeHrmaeTcs € yMEHLILUEHHEM EMKOCTHOIQ CO-
NPOTHBJEHHS JIHHHH; NP STOM OTHOCHTEJbHBIE TOKH C yBe-
IVMEHHEM Xy HSMEHSHOTCH He3HauHTebHO. OTHOCHTeNbHbE
TOKH 0GpaTHON M HYJEBOH NOCNEIOBaTENbHOCTEl B BETBH
nuTadua Agr M Agr B cooTBeteTBu ¢ (2[1-36) ¢ ymewnbure-
HHEM EeMKOCTHOIC CONPOTHBJIEHHS M COMNPOTHBJIEHHUS Xy JIN-
Huu yBeapuusarorca. OTHocHTenwbRbIe TOKH npswmol, oGpart-
HOfiL H HyJeBOl MOcAefOBaTelibHOCTEl B MecTe K. 3.
(Arx=ze=>"ox) B coorBerctBu ¢ (211-32) yBemunsant-
CH € yMeHbUIeHHeM eMKOCTHOIO CONpPOTHBIEHHS JIMHHH, OpH
9TOM OTHOCHTENLHEIE TOKH € YBEJHuEHMeM Xy HIMEHSIOTCH
HESHAYHTENLHO,

B sak/MioueHHe OTMETHM, YTO TOWHOCThH Pacuera TOKOB
K. 3. 38BHCHT He TOJBKO OT COBEpLIEHCTBA HCIOIL3YeMOrQ
METOA2 M MOJHOTH YY€Ta HM OCHROBHHX BAHSHOIMX dax-
TOPOB, HO H OT TOYHOCTH B3afaHuAd HCXOLHHX HAHHKIX.
BosmoHOCTH Bapualefi MOCAENHHX B NIMPOKHX Mpefenax
B 3aBHCHMOCTH OT P43JHYHEIX NPHIEH MOXET CyLIecTBeHHO
CHHSHTD JOCTHIKHMYI) TOUHOCTL KOHEYHHIX pPEesysbTaTos
pacsera. Ouenra npefeNoB BapHauMmil, 3afapaeMbXx KA
pacuera SJIEKTPHYECKHX HapaMeTpoB OT[eNLHEIX SJAeMeHTOB
cucremsi, yava » [54—57].

B. Cuenka norpelwHocrell nNo pe3ynsTatam pacdercn
YOKOB K. 3. B HOHKPeTHEIX cersix

LNl HeKOTOPHIX THIHYHBLIX SJEKTPHYUECKHX CXEM T[poO-
HSBOJIHJIACH OLEHKA NOFrpeuiHocTell OPH HeydeTe PHAA BJHS-
OEX $aKTopoB. [IOrpemHOCTH BEWMHCJAEHHS TOKOB K. S.

 GLInM onpenesieHsl mo Gopumyne

[ Inf— 1y}

B (D

rie |/n| — Monyns TPHGAHIKEHROTO SHAUCHHS TOKA K. 3.;
[y] — MOZYNE YTOUHEHHOro SHAYeHHN TOKA K. 8.

JaxHoe HecaefoBaHMe faeT NpelcTaBleHHe O MOrpen-
HOCTSX, BO3MOMNHEIX B peallbHEIX CHCTEMaX NpH Heyuere
OTHEALHUX BARANOIUAX (aKTOPOS.

a) OneHKa norpem#EocTe IpHE pacye-
TaAX TOKOB K. 8 HZ 3NEKTpoNepepnayve Ha-
npaxendem 500 xB (puc 2I0-7). Hpu neyue-
Te pacxoxdenus s. 0. ¢. eeneparopos no modyrw u ¢ase:
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Puc. 271-7. Cxema samelleBHs OTHAEJNbHEX mocaenosatenproctei cery 500 xB,

@ — cxeMa SaMelleHHs TpsMoll nocirenoeaTenbHocTH; 6 — Hyneeofi mocsienoeaTenbHOCTH.
MNpemeuanns 1 ConpornsseHrsi B cxemax samelledus {Ow) mpueenensl k 500 xB, 2. Conporueierss npamMoli H obpatHoil mo~

CHAeLOBATEAbHOCTEH MPHHATE OfHHAKOBEIMH.

1) norpemHocTH (asHBIX TOKOB H TOKOB OTAEABHBIX TO-
clleioBaTeNbHOCTEll B MecTe X. 8. He mpesmimator 5%; 2)
MOTPEIHOCTH TOXOB 00paTHOoH H HyJIEBOH FOCJENOBaTENb-
HocTeil B BeTBAX CXeMBl TpPH PaSJHYHBEIX BHAEX K. 8. H
pasiHYHEIX MECTOFIOJIONKEeHHMsX TOYKHM K. 3. TaKKe He mpe-
seiuator 5%; 3) B peHMax KacKaJlHOTO OTKJEOUEHHS JIH-
HEll ¥ B CNyYasx K. 3. B cepeliie OJHOH H3 Napajse/bHEX
JNMHHE NOrpemHocTH (asHEIX TOKOB B BeTBAX CXeMH! MOTYT
nocTHrats 60—90%.

Taxkue GolnliHe SHAYEHHA MOTrpellTHOCTel B MOCTelHeM
cnydae MOMKHO TOACHATb, HCINONb3Ys COOTHOWIEHHS MpH
NPHMeHEHHH MPHHIMNA HAJNOMEHHs, 2 HMeHHO HAaJIOJKEHNs
Ha HarpysouHHI PeXXHM TOKOB apapHiHoro pemuma. IlpH
9TOM COCTZBJSIOIINE FIepBoro peX(HMa, oOyClOBIEHHEE
B YTOYHEHHOM pacyeTe PACXOMNCAEHHeM 3. J. C. MO MOAYAI
H (ase, HMEIOT OTBOCHTEJBLHO GOJblHe 3HAUEHHs Ha SJeK-
Tponepenavax 500 kB. Ilpm xackafHoM OTKJIOYEHHH JH-
HHH B CBS3H C GOJBLIHM COTPOTHBNEHMEM JHHHH, OTKJIEO-
YeHHOll ¢ OEHONH CTOPOHH, COCTaBJIAIOL{He aBapHAHOIO pe-
XHMA MaNe, uTo OOYCNOBJHBAaeT YyBeJHueHHe OLIHOKH
B npEOIHIKEHBHX pacydeTax TokoB Oe3 yuera pacxXoMfeHHR
9. 4. c. reHepaTopoB no ¢ase. [Tpi K. 3. B cepeanse oAxoil
H3 napajieNbHLIX JHEuR GOJblure 3HAYEHHS HarpySOYHBLX
TOKOB [€PBOTO peximMa O0YC/NOBNHBAIOT SHAYHTeNbHOe Das-
nuuMe HanpseHwWH INHE CMeXHHX nofcranumil, mexzy
TeM B aBapuilHOM perHMe YKasaHHEe HanpsieHHA MOTYT
Mano pasnHYaTLCH MexAY cofoil, UTO BH3HBaeT 3HaYH-
TeJIBHOE DACXOHIEHHe Pe3yNbTHPYIOUIHX TOKOB IJf JIHHHH,
napajinelbHoil JHHHH € K. 3. TPH YuYeTe H Heyuere pac-
XOMAEHHSA 9. JI. C. reHepaTcpos o dase.

[TorpewrHocTH TOKOB B MecTe K. 8. HMEIOT MOJOMKH-
TeJbHLIH 3HAK, a Ha JPYTHX YYaLTKaX CXeMBl, K&k NpaBH-
M0, OTPHUATENbHHE, YTO COOTBETCTBYET oONHM WpelleTas-
JeHHAM O BJIHSIHHH PacXOMfeHH#® 3. fA. C. 1o q:aae Ha 3HAa-
téem}f} TOKOB B MeCTe K. 3. H B OTAENBHBEX BEeTBRAX CXeME

o A).

Ipu meyuere nonepeurvts eMKOCTHOIX nposodumocTel
Aurudd: 1) norpelwiHocTH $asHEX TOKOB H TOKOB 06paTHOH
¥ HyZeBoji mocienopaTeqbHocTefl NMPH pPasiMYHBIX BHAaX
K. 8. cocrapnstor 10—199% pna mecra K. 8., MPHUEM TOKH
NpH yYere AONMEPETHEIX eMKocTeH GOMNblle, YEM NPH Heyde-
Te HX (0. B); 2) Toxm ofpaTtHoli H Hylesoil noc/eloBa-
TeNbHOCTEH B OTAE/bHLIX BETBAX CXeMBl NPH HECHMMETPHY-
HHX K. 8. OPH yuere MNOMepeuHblX eMKocTel B OCHOBHOM
fonpite, yeM MPH HoydeTe HX, MPHIeM FOrPeriHOCTH STHX
TOKOB, WMPHHHMaOWHe B GOJABMIHHCTBe CJy4aeB 3HAYEHHS
10—40%, nocrurator 90%' Ha JHEEH, mapasienbHOll JHHHM
€ K. 3. B ee cepelluHe; 3) MOrpelIHOCTH (AaSHEIX TOKOB Ha
OTAeNLHBIX YT8CTKAX B CXeMe Mo PHC. -7 B cpenHeMm
coctaBnmor 20—30%, npHYeM NOrpemrvocTH AMH Ciayvas
OTKJHOUEHHA M Sa3eMJIEHHs OJIHON M3 WmapansesbHbiX JIHHUH
nepeflaul, a TaK¥e KACKa/[HOro OTKJIOUEHHS OfHOH M3 JH-
uHi pocrrator sHauenHit no 40%. IMorpewnocTu (asHBX
TOKOB B OCHOBHOM OTDHI@TE€JBHE, HO Ha yyacikax, GJH3-
KHX K HCTOYHHKAM TIHTAHHS, OHH MOTYT GEITb MONOXHTEMb-
HH. [TocienHee MoxeT GHITH NOSICHEHO MPeoGIafaroLiHm
BJHsIHREM TOKOB OpAMOH TOCHENOBATENBHOCTH B BETBSIX
THTAHMS, KOTODHE cOTJacHo 7. B mpH HeydeTe eMKocTed
fonblle, YeM NPH HX yueTe.

Ipu Heywere ORTUBHLIX COCTABARIOWUX CONPOTUOAE-
Hut napasrenvholx aunui 500 kB & cxeme Hyreeod nocae-
doearenssocru: 1) B OTEEJBHBIX BETBAX CXeMH Norperi-
HOCTH -TOXOB HyJNepofl noC/HeNoBaTeNLHOCTH AOCTHraloT mno
aGconoTHoMy 3HaverHio 15% u no yray 18%; 2) norpein-
HOCTH HanpsiskeHHH HyJesoll noc/ienoBaTelbHOCTH Ha WIHAAX
OTZENbHHX MOACTAHIHA cocTaBisiioT nmo abcoloTHOMY SHa-
yenmo 3—99% H no yriy noctrawT 15%.

6) OueHkxa morpemHoOCTeHd MNPH Heyde-
Te HArpys30K B CeTH C NBYMSH YDOBHAMH
Hanpamenni (400 u 220 xB) ¢ Gonpwium

“YHCAOM MHOTOKPATHO 3aMKEYTHX KOHTY-
pos: 1) morpemwrocTy ¢asHeiX TOKOB H TOKOB MPAMOH,
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oGpaTHOH H HYJZEBOH UOCNEHOBATENHHOCTEH IPH 82MEIKaHHA
opHol ¢azbl Ha 3eMMI0 AR MECTA K. 3. PABHE JIPYr ApYTY.
IIpu saMuIKAHHSIX Ha 3eMI0 ABYX (a3 MorpellHCCTH TOKOB
HyJeBoli IOCTEA0BATE/NLHOCTA JIlsi MECTA K. 3. 3HAUHTENb-
Ho GoJibHle, YeM TOTPEILHOCTH TOKOB NPAMOH H oGpaTHOH
nocae/ioBaTeNEHOCTElH, H AocTuralor sHauenmd jo 35%.
YxasanHoe MoxeT Obite OODACHEHO TEM, YTO IPH Heyuere
HArpPYyS0R BSHAYRTENBHO YBEeIAUHBAETCS CONPOTHBJeHHE o6-
paTHOH NOCJAeLOBaTe/bHOCTH, B CBA3H C 4YeM B KOMIJeKC-
MOl cxeMe 3amMellleHHA HMeeT MECTO NepepacnpejeieHre
TokoB OOpaTHOH H Hyfesofi NoC/ieioBaTeqbHOCTeH, COTpo-
BOMapoLleecs yBeJHUeHHEM TOKOB EyJeBoil mnoclielopa-
TENbHOCTH; 2) TOTPEIIHOCTH (DASHEIX TOKOB B BETBAX
B cpeameyM paBue 10—20%, Z0CTHRas B HEKOTOPHIX Cayya-

six 55%. IlorpeulHOCTH TOKOB OTHEBHEIX MMOC/IENORATEIE~
Hocrelt B cpereM papHel 10—30%, foctHras B psifie Cly-
yaes 60%.

BaxKHHM HTOTOM J&HHOUO HCCJAELOBAHRS SBJIAETCH
NOATREPXKICHES uenecaoﬁpasnomn pas obecneyexus no-
craTouHOl TOUHOCTH YUHTHRBATL B pacuieTaX TOKOB K. 3.
pacxoxjehie 3, Ji. C. TeHepaTOPoB MO (pase H HArpy3o4Hhe
CONPOTHBJMEHHs], & Jist ceTeli ¢ MNHHHBIMH JHHHSMH 330—
750 kB Takwe nomepedHble EMKOCTHHE CONPOTHBAEHMS.
MosKHo TAKXKe cHelaTs BRIBOJ O NenecoobpasHoCTH yiueTa
AKTHBHHX COCTapAmIoiuX CoOCTBEHHHX M B3AHMHEIX CO-
NPOTHBJIEHHH NAPAJJIENbHEX JIHEHI B CXEMAx HYJICBOil 110-
CAENOBATENLHOCTH B 1E/AX TOBHINEHHS TOYHOCTH Beibopa
YCTPOKCTB peneitHON S2LUMTHI ¥ &BTOMATHKH.

Mpunomenune 21-2

PacuerHbie COOTHOWEHMA ANS NOCTPORHMA CNPAMNEHHLIX XaPaKTePHCTHR

Kaxk ussectHo [18], xapakrtepHCTHKa XONOCTONO XOA2
rexepaTopa (puc. 211-8) moxer OHTH PACCMOTDPEHA B OCAX
00’ xax KpHBAas 3aBHCHMOCTH De3YJBTHpyWOLel 5. e c.
Ey o7 Toxa ycranosupierocs Tpexdastoro x. s. 1\ npa
pasHBIX YHANECHHOCTAX MeCT4d K. B, npHYeM HawajJaoM KO-
OD/IHHAT CHYWMT TOYKa (', COOTBETCTBYIOIAs JIAHHOMY
BOSOYRAEHHI AW, TPY YCIOBUH, 4TO !;,3’ — TOK YCTaHO-

BUBLIErocst TPex(haznoro K. 3. NENMKOM peaksHBHbdi. Mar-
HETOJBMAKYDIAS CHIA pEaklu¥ CTATOpa dWer, BHZBANHAA
9THM TOKOM, HANPABJACHA NPOTHEONOJOKHO M. [. C. aWo H
PEIYNBETHPYIOIAR M. . C. AWy—aWe—OWesx.

CooTBETCTBYIOINHM CHPAMJIEHHEM XAPAKTEPUCTHKH XO-
JIOCTOrO XOJia MOKHO ONHEO3HAYHO ONpeleNHTh PacyeTHYIo>
CHHXpOHHyK 8. . €. reneparopa E; H pacuerHwii CHE-
XPOHHLIl PEaKTAHC reHepaTopa X, KOTOpHE C H3BECTHLIM
OpHEMOKEHHEM KCLONBIYIOTCs OpH pacyeTe TOKA K. 3. NPH
f=o0,

Taxofi ke cuoco6 Moxer OHTh KCOONL30OBAH H AR
oripefiesieHHs] NEPAOAMYECKON ¢laraioilell TOK2 B NPOMeEXY-
TOYHRE MOMEHTH BPeMeHH K. 3., €C/IH JAAs 3aJaHHOrO MO-
MeHTa BpPeMeHU TNOCTPOHTL SHANOTHYHHE XapaKTePHCTHKH
BABHCHMOCTH Pe3yJbTHPYIOUEH 5, JI. C. OT TOKZ reHepartopa
ANs pasHEIX YAAJeHHOCTEH K. 8.

TOKH M 5. H. C. B CXeMe RO pkC. 23 JIJifl pasJHUHBIX SHAYEHMH Xpacu

Tunosste Typborenepatopsl 200—300 MBr
t=0c t=0,1 ¢ f=0.2¢
Fpacu ] 2> Zon i
i o & & I @ ) N | = N N
K e = E K :" o L K 5 = fin
T I I, i i i 0 i 1]
r (5 o aps (8 =) N w o
$1..8 3 4 1 P 3 | 4 1 o | 3 4
0,20 | 1 0,20040 5,665,656 1,13 { O 4,62 | 4,52 | 0,80 10 4,004,000} 0,801 0
0,32 11 0.82010,120] 3,54 | 3,54 | 1,13 0,43 | 3,00 {3,00| 0,98 { 0,36 |2,73]2,73} 0,87 | 0,33
0.42 |0,940|0.414]0,214]| 255 { 2,78 | 1,18 { 0,59 | 2,33 12,48 1,03 10,68 |2,15}2,28} 0,95 0,49
0,52 10,889]0,49610,296|2,02 | 2,28 | 1,13 0,68 | 1,85 2,08 1,08 (0,62 (1,77 1,99 0,99 | 0,69
0,62 |0,834]0.56610,368| 1,67 | 2,00 | 1,13 0,75 | 1,55} 1,86 1,05 { 0,69 | 1,47 | 1,77 1,00 | 0,656
0,72 {0,703]0,627 {0,429 1,41 | 1,80 1,13 0,77 | 1,331 1,70 1,07 10,73 {1,28 ] 1,64 1,03 | 0,70
0,82 {0.736 | 0'678]0,478| 1,23 | 1,67 | 1,13 | ©,80 1,17 | 1,69 | 1,08 10,76 | 1,13 | 1,54, 1,06 | 0,74
0,92 0,692 |0,724]0,624} 1,08 { 1,86 | 1,13 | 0,8 |1,05}1,52] 1,10 0,80 1,02 1,47 1,06 | 0,77
1,02 10,658)0,765]0,572] 0,97 { 1,47 | 1,13 | 0,85 0,95 (1,45 1,11 |o,83 (0,92 (1,40 1,07 | 0,80
1,12 [0.620|0'795}0,607| 0,88 | 1,42 | 1,13 | 0,86 | 0,8 1,42| [,13 10,85 |0,83 1,34 | 1,07 | 0,81
1,22 0,588 |0 828(0,640] 0,80 | 1,36 | 1.13 | 0.87 | 0,80 | 1,56 1,13 |o0,87 | 0,77 | 1,31 | 1,08 | 0,84
1.32 [0.560|0.860|0,668| 0,73 | 1,31 | 1,13 | 0.88 (0,78 |1,31| 1,13 ) 0,87 |0,7t 1,26 1,098 { 0,84
1,42 |0,532|0.883|0,696] 0,58 | 1,26 | 1,13 | 0,89 | 0,68 1,28 1,13 1 0,891{0,66 | 1,24 | 1,10 | 0,87
1,52 [0,505|0,003|0.721} 0,63 | 1,25 | 1,13 | 0,90 | 0,64 | 1,27 1,13 (0,92 | 0,62 | 1,231 1,11 | 0,89
1,62 |0 485}0.920|0.736| 0,60 | 1,23 | 1,13 | 0,91 | 0,60 | 1,23 1,13 |0,2 10,58 (1,20 1,11 | 0,89
1,72 |0.465 | 0’940 0,755 0,56 | 1,20 | 1,13 | 0,91 0,67 | 1,22 | 1,13 10,92 10,56 1,18} 1.1t | 0,89
1,82 |0 441|0,953}0,772| 0,52 | 1,19 | t,18 | 0,92 | 0,53 1,201 1,13 (0,93 {052 |1,16{ 1,11 [ 0,90
1,9 |0 426 0.96710,786]| 0,50 | 1,37 [ 1,13 | 0,92 | 0,50 [ 1,18 1,13 10,93 10,49 { 1,16 1,11 | 0,90
2,00 }o 415 0,980 |0,800| 0,48 | 1,15 | 1,13 | 0,92 } 0,49 1,l6f 1,13 (0,983 ]0,47 { 1,14 1,11 | 0,91
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Pre. 2I1-8. Onpepnencune ToKa K 8. Aaf f==0co ¢ NOMOILbIO
XapaKTePHCTHKH XOJIOCTOr0 XOna.

awg— . [. €. BODYMIEHHR MAWHHBG, QW — M. 1.C. PEAKIUHH
CTATOPE; W =AWe—O® . — PESYALTHPYIOWAS MuX. C; Eo—3. 1L C.
xonoctoro xo0aa; Eg,—8. A. c. peaknuy craTopa; Ey — pesymn-
THOYHIAA 5. 1. C.; m)y—-mu yCTaHOBHBIOETOCA Tpexdaanoro K. a.

PacueTHEle COOTHOLIEHHS, HeOOXOLHMEHE [JA NOCTpoe-
HHA xapamegnm Er=f(lx) (wau U,=[(Il;)), npeBene-
Enl B Tabn 2I14]1 u onpefenemd], HCXOHs H3 NapaM B
pacyeTHolt cXemel puC. 2-3, nmpHBefleRHEIX B Tabm 2T1-2,
B Ttaba. 2T1-1 pas oTAensHHX MOMEHTOB BPEMEHH B HH-
Tepeanie 0—4 ¢ npuBeneHH: [y — 3HAUEHHS NEPHOAHYECKOi
cnaramoiielil TOKa B MeCTe K. 3. JJisi PasiHYHbX MOMEHTOB
BPEMEHH, COOTBETCTBYIOLUNE DacyYeTHHIM KPHBBHIM, TIpHBE-
ferdeiM B [20] w ma pme. 2-4 g 2-5; [r — sHauenns 'ToKa
B reHepaTope, COOTBETCTBYIOLIEE JAHHO YAANEHHOCTH K. 3.0

roe

1,25x,

b=V, .
1,67x _
*n =T8T+ % G
SHaYEHRnA
| B (2T41)
me Zy= VA F (% +0,39)7%
2HauYeHHA
Ur=IxZan (211-42)
rne

Zgg =V ric + (%c + 0,12)*.

Hamipe no (2I1-41) u (211-42) wHcnoms3oBaunl aas
NOCTPOGHHA XAPAKTEPHCTHK Er=,f(f,.2 umu Ur=f(Iy).
PacuernHe sHauenus 9. 4. ¢, E(f) u conporhBiedHs
X IJsl OTHAENLRHX MOMEHTOB BPEMEHH MOrYT OHTh NOJY-
qe?azr cnpsiMiieinem xapaxkrephcTHK Ep=f{ly) mm U=
=i\dr).
ofuKa cnpamieNHa xapakrepHceTrkd Ey==f(I:)
onacada B [18, 19]. Cnpsmuierne XapaktepHcTHRE Ur=
=f(l;) Owuo mnpousBefeHo AHANOTHYHEM  crocobom.
CnpsiMyieRre MOJYYCHHEIX XAPAKTEePHCTHK IS MOMEHTOR
ppemerr #==0,2 ¢ B {=1,0 ¢ npupefero Ha pmuc. 2I1-9 u
2I1410. Ing ApYr¥x MOMEHTOB BPEMEHH CNpPsiMJIEHHe Xa-
BKTEPHCTRK ORIJIO WPOH3BEJAEHO AHANOTHYHEIM criocObOM.
e3yNbTaTH COpAMienEs XapakTepucTHk Ee=f(le) B Ur=

Le=1/B, (211-38) =f(I;) NpakTHYECKH HAEHTHYHEI
Ta6nuuwa 201-¥

¢ APB (T =0,2:0,3¢)

t=0,5¢ t=1.0c t=2,0c i=4,0c
cle sl atela| ] els] g |d]x]s] ]|

o Il R N T+l il ‘AR

-’.“' o S .ﬂ'"' o =y -Il“ y” ) i Ky 5
1 9 3 4 1 2 3 4 1 2 3 4 1 2 8 ¢
3,60{3,50(0,70| 0 3,31 13,3110,566]1 0 3,06 13,06 0,61 |0 3,00 |1 3,00 0,60 0
2,58 2,58 0,8 0,31 [ 2,56 |2,55)0,82| 0,8 |2,50|2,50| 0,8 {0,30](2,501}25 | 0,8 | 0,50
2,08{2,22|0,92| 0,48 | 2,14 2,26 (0,95 0,49 | 2,1512,29| 0,95 (0,49 )2,20|2,3¢ | 0,97 | 0,50
1,72 11,931 0,96 | 0,57 | 1,86}2,02|1,00| 0,60 }1,85(2,08| 1,03 |10,621,94]2,18 1,08 | 0,65
1,47\ 1,77|1,00} 0,65 | 1,52 (1,82 ]1,08] 0,67 |1,60)1,93| 1,09 10,71 | 1,72 2,08 1,17 | 0,77
1,281,641 1,03| 0,70 { 1,35 11,73 | 1,08) 0,74 | 1,45 | 1,86 1,17 0,80 | 1,53 {1,9{ 1,23 | 0,84
1,131,564 {1,04| 0,74 | 1,20 1,63 | 1,11 | 0,78 (1,31 (1,78} 1,21 10,85 1,40} 1,90 1,29 { 0,9]
1,02|1,48|1,07} 0,77 § 1,10 1,59 1,15} 0,83 {1,20{1,74| 1,26 | 0,91 | 1,28 1,8 1,34 | 0,97
0,921,309 |1,07| 0,80 {0,909 )1,50| 1,15} 0,86 |1,09| 1,66 1,27 0,96} 1,18\ 1,80 | 1,87 | 1,03
0,8541,37 | 1,10} 0,8 |0,90}1,46|1,18| 0,8 0,99 ) 1,60 1,28 |0,97
0,79 1,84{1,11| 0,86 (0,8 |1,45}1,20]| 0,93 | 0,91 | 1,66 1,28 | 1,00
0,7311,30|1,12| 0,87 | 0,79 | 1,41} 1,21 | 0,94
068)1,28 1,131 0,89 |0,73 1,37 | 1,21 0,95
0,64f1,27)1,15¢ 0,90 fo0,68|1,35(1,22] 0,9
0,59 (1,251,156 0,92 |0,64]1,32| 1,22} 0,97
056)1,22(1,15| 0,92 |o,60| 1,29 1,22} 0,97
0,53)1,21|1,15} 0,98 {0,568 ] 1,291,23| 1,00
0,50)11,20(1,16| 0,54
0,49 | 1,18} 1,16 | 0,94
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B0M XapaKTePUCTUK KPUBEIE SABHCHMOCTH PAaCYeTHOH 3. I, C.

5

gl —Ty

(3
1z
17

E
08
05
a4
02
12
10
a8
o4
g2

rencpatopoB E; M pacuerHoro PeaKkTHBHOTO COMPOTHBJIEHHS

TEHEPAaTOPOB X¢ OT BpeMeHH { TPHREAEHw Ha puc. 2-6.

![\) H Ul‘=

i

XapakTepHCTHR Ep=
pos 200—300 MBr ¢ APB,

epaTo|

15 ¢ gast t=1,0 c.

=0=-0,

@t — 3AEMCHMOCTL 3. . €. OT TOEA reHepPaTopa NDH DPASAHYHEIX YA«

-3

Prc. 271-10. Cnpamnenye

=f(ly}) nna TypCoren

B,

200—-300 MBr c
02 c

nasi TypGoreHepaTopoB

0+0,15 ¢ aan ¢

f(Ir)

Puc. 2I1-9, Cnpamsense xapakteprctak Er=f(ly) u U

7

X2DAKTEPHCTHHA  TeHEPaTopa

€ — BHelIHAN

E,=1,70; I,=330; x,=1,70/3,30=0,52.

K. 3.

JIEHHOCTAX

=1,26; I,=4,00; x,~126/4,00=0,32,

@ - 32mHCHMOCTE S. . C. OT TOKA TEHEPaTOP2 IIPH - DASJIHIHMHIX Yaa<

NenHOCTRX K. 8. 6 — RHEIHAA XBPAKTCPHCTHKA TeHepaTopa Ej=



c APB

FERERES.

U&QE&OOOI

ER332Y

II-......!

SO S = 1 v

1=

#=2,0c¢

S =g .

222 SBISBE

- m -._J nom mA
322221111

mmm%ﬁmw 2

!!!!!!!!!

3221111&11

w@;.mw%%m

UUﬂDﬂUOUUl

e

W% 22%3

P

oY=

mmﬂ mmmmea

‘wom mS w omTe

32229_1&1111

w%mmmmammw

D St
32211111\11

=10 =

© Byh=n

SRERNEEETESS

OQDQUOODUDOOI

mN..;H,_.m :

BESESTERANTNR
ﬂﬂ.u_l.l.r_lllll.vlaf ;

8% =4

m%%mwmmﬁm&mam

32h£n,élsllklll]11|_. "

RERTBERTBE8T

322!1]1L1000Q

(Te'::ﬁ-ﬂ.lﬁ c)

SR i

YRR RRERS NI TRLRY

lllllll 1!.‘!||)..l..l

0000000000.&@0000000 \

5

RERRESSISORTSRROLT
i S - & o= W R B - R o W om & -

-....n
-
=

0001]]11111111]17.]

1=0,6c_

A=Yy

%%zgwﬂm% %mﬂ%%

smﬁwggmm%wmmn%wwm 5

CR )

322LL11100000000000.

TaGauga 212

TiapameTpsl ﬁqu,rgnol_i CXeMBl' 110 _pHC. 2-8

..iﬂr.

JI.Q

=M, 9842?

By | S .%ﬁﬁ ,,,,,,,,,,,
;W. OOOQOOOO 00000

s

A

L

et

]
.Jm. 7
GRS o % m F
kY3 3AAMﬁsi,mm&w,ﬁ mwm

g 000000000000000000

1

-
+ . T G ¥
3 = Ry
L : Saw 5465 &)
i | SEALSABRERES m p
L T g rl. ,.
) P -
[
rrm.,._,ﬂ,.
S T
o538 Mo
I 3
SRR
L
n\ﬁ“
bl
&
et =X
Y 2 i ¥
¥ mmmmm,;,mmmwmwaw :
BODOODQGOﬂthLhLLL ’
‘XK : .u.«. ;
Il i
BT Mﬁwwwwwm mam&m\mw 3

’I... !!!!!!

900000011111111115

9--156 *



Mpunoxernue n3

Pacyer napameTpoB cxem 3amewjeHHa npsmoii [oBpartioii] nocneposarensiocTM Herbipexobmoroulbix TpancthopMmaTopos

A. OBwmi ciryuak
Jlna ucxommol cxemer mo pue. 2-10,a CONPOTHBJIERHUS

pereell CxeMEl 3aMeLleHHA 1o pHC. 2-10,6 MOXKHO NOAYYHTE -

{[PH. CPABMEHHH HX C PeAKTHBHEIMH CONPOTHBICHMSMH K. 3,
TpaschopmaTopa CHEAYIONHM oOpA3oM:

2 e
2
Ziy=a+ ¢ +"’2(f€";g. (@r-44)
o5 g dg L, (2r1-45)
PR o = (211-46)
2
Z=brd + 5N ;)) ; (21147)
[e+h i

Zu=ctdt o1

' Uz (211-43)—(2I1-48) MO)KHO COCTABETh CAELYIOLIHe
- COOTHOWEHUA: - _

2
zm—zzsiﬂ—'.b*—'g{Tf,i_T}"; (I1-49)
Zyy—ZLyy=a— b+ th{i_n (2“.-50)

: 26 4- %¢ :
Zyg+ 29— Zyy=a+ bfl"_'j:_"f-if"- (201-51)

2D

C nomowpto (201-43)— (201-51) - cupeaenaioTes  napa-
H cxeMHl saMelleHHs puc. 2-10,6.
I1-51) u (201-49) u3 (2I1-50), uo.lryqaeu

A=1Z u+zﬁs"‘zsn—"z|g-—- 9+f (2r1-62y
BmZiut Ty~ La =gy, 159

Briuuras (2I1-53) ms {(2I1-52), nonyuaewm:
A#B-Zu—%—ng—Zu—‘ztz =e—f. (2r]-54)
Vs (2I1-52) 1 (201-53), yumitpas - (211-B4), cocrasum
KBaJPATHBIE YpaBHERHs OTHOCHTENRHO € H f:

¢ —9¢+ A(A—-B)=0;
f—2Bf B (A— B)=0. } (2n1-55)
Peinennem (2_1'1-55}':1.19&3!1{1{@.: ol ;
e AL VEZAA—BY=A+VAB; - (2156
j=B+VEB{B(A—B)=BLVAB (157

MaI;OTCﬁ SHAYeHHA €O 3HAKOM [WIIOC B (211-56) n

(2%57) 1.

Jlyueseie BeTBM cxeMH mo puc. 2-10,6. Onpeaensiorcs -

c.l:eny:omﬂu o0pazom.
Craaneman (2[1-43) u (2I1: 49) H p-emaﬂ uo.nyqeunce

yPasuerKe, noayuaeM: _ 2
o
Zy; 42y, "”23352“'[- e+ ’
& : . ef

0=05(tut Zu—Zu-77). OO

130 . !

pypras (2[1-43) -

 Cxnapesas (2[1-43) w (201-47) u sruMTaA H3 HX CyM-
M - (201-45), nonysaem:

b=0,5 ( ,‘,-}-ZM—Z"—'-e—jj_-F) L

Crnafesan (201-44) n (201-48) u suumTan W3 HX
‘cymmbl (2[1-45), nonysaem:
RE 5
-e-ﬂ)-

¢ —_-0-5 (Zu"‘#‘ Zyg—Zya—

Cxnapeipan (211-47) u (201-48) u BeMHTAA H3. HX
cymmb (2[1-46), nonygaem:-

d:=05( Zuut Zas _.z,,_e"_"l{f)

B (2I1-58)—(211-61) noxcramnsiorca suauesns ¢ wf,
noJyduentble u3 (2I1-56) u -(2I1- 57)

(211-59)

(211-60)

(2r1-61y

B. -Sagaumre CONMPOTHBIEHMA K. 3. MEWAY
napamu o6moTok TpaHCOpMaTopa - CES3aHkl
cooTHOWenHHem [2-40)

MHogcrapnaa cootHomedne (2-40) s (2[1-B2) =
{2I1-53), nonyqaem: .
A A=B=Zt-Zos—Tos—Z12. (211-62)

Yuuremag (211-62) B (211-566)-—(211-61), moayuaem:
. e=2(Zat-Zy—Zu—Z12) =]; (211-63)
R'—'—O,ﬁ{ZuHm——Zga-—- (Zm-i_—\Zgr—-'.Zm-—Z|3)].=.
= 1,521} 0,5(Zac—Zua)—Z2s;  (201-64)

b=0,5[Zys+ Zaa— Z1s— (Z14 + Zay—Zoy— Zaa)) =

Z,,
=Z+ qu,‘“'zm""T= H (2[‘[765)
d=0,5[224+23r~2 2 (Zoit-Zas—Zos—Z12)} =
= U 5(212—'2{&) “Zza—!-il 522& (21-—[ 66}

Tlonyyenwas ynpouieHHas cxema jasa Ha puc. 2-11.

B. 3apaunbie CONPOTHBNEHUR K. 3. MEXAY napamu
o6morox TpaHcthopmaropa CBA3aHMI
cootHoillewsiem (2-44)

‘70T Coyuall COOTBETCTBYET TPEXOGMOTOYHOMY TpaHC-
dmpma’ropy € pacuienenneM ofHO W3 OOMOTOK Ha Ase

MacTH. [oncrapnas (2-44) B (211 53), nonyuaem:

B=A. - (211-67)
Vunrsisan (2-44) B (201-67) s (2I1-56)—(2I[1-61),
HoNyyaeM:

é=A= Zu—}-Zas'—Zs.{—Z i2; {217-68)

§=0, (211:69)

G=ﬂ.5(z 13-7}—2 m-—-z aa) - (2I1- 70}
b=05(Z1z+Z2s—Z13); s (2I1-71)

. €=05(Zsst-Zsi—Z13) =0,5Z; (2r1-72)
d=0,5(Z2:-}-2 W»z 2s) =0,5Zgu=c.  (2I1-73)

- Cxema gameutenus io. puc. 2-10,6 B paccmatpupaemon
clyqae YNpoOWlaercs .M 1OCTe NpeoGpas3cBarkil NpHoOGpera-
&1 BHI CX€Mbl Go pHe. 2-13,6; umerwoiell nsaTh Bernel;, ue-
ThIpe H3 KOTOPHIX PasiHYalTCH MEXIY Cofoi. C.ne,u.ye':
OTMETHTb, 4TO B ¢XeMe mo. puc. 2-13,6 ofosnauerus BE-
‘BOLCB M BeTBEH, COOTBETCTBYIOUME cXeme puc. 2-10,6,. aa
HBHl B CKOOKAX (&C/R OHH OTMNWAIOTCH OT WPHHATHX H:

- puc. 2-13,6 OﬁOSH&‘IEHHﬁ}



napaue'rpu HYREBOH . IOCNEe A0BATENbHOCTH tpaucqumpoa [
B a6 2T1-3 Kakm COMpOTMBNEMMSA HyneBOH moche-

ZOBATEIBHOCTH: rpaﬂccpopma-ropon. nonyqemme B Henal-
3HEPro ONHTHBIM TIYTEM.

Kax noxasaau OINLITEL HCHYCOTBBHHHK OJI,H a3HLIX. 3a-

‘MHKAHK] Ha 3eMTI0, NpoBefeHHEe -rpec-mm OPTP2C B pai-

3uaveHud X, Tpal-:cq;opuampdn no naunbm '{ennﬁsﬂepm

MOCTH - apauc@bﬁlaropoa :

TO, NPHHHMAEMOFO paa

. Tar TpanchopMatopa Criocob samepa - Xol ° Tun Tpasciopuatopa . Cnocof samMepa xolxy
TOTr-60000/110 Or noctopoumero me-{ - 0,9 TI[I‘-31500/110 [lo mannbM  OCIHINO- 0,85
A-°/A/4-12-11 : TOYHEKE HaNpsiKe- 110;1:2)(2 594/6,6 kB|  rpaMme NpH K. 8. B
121;}:2)(2 5%/38,5+ uuem 400 B no cxe- . ex=10, /n PasHBIX TOYKaX IpH-
+2%2,5 &/10 5 kB~ Me ,OIbITa KOpOT- .Jnexanei CeTH
Ey10—=20 : | KOro saMbiKaHus® 110 xB
e‘“"‘;l /‘" [ Jlns cpaBtieuus:; To xe 0,97—1,03

- Exea=1,0% - 011'1‘1‘3)(20000;110
TAI -72000/110 To xe. 0,9 5:%
1214-2<2,5%/10, 5 xB 3 ' X2,5%/38,5/10 kB
0“-—-;2 7‘%1 .
TAr-60000/110 1 Mo pamueiv Gemuno- | 0,8--0,83 || TATH- 10000/110 Onuiter - opHodassux | 0,75—0,8
121422, %/10 5KB TpaMMbI A K. 3. B llﬁi‘l)é? ,6%/38,64| ®. 3. ha nuTawmed
=13, 8% pAgMBIX TOYKAX TIpH- | _:l:2><2 %/ 11 KB JIHHEE B HagaJe, ce-
sexcauel CETH x1g=10 » 1%; pepuHe H KoHIe
110 xB : ,—'Iﬁz : y .
TIIHT-60000/110 To e 0,78—0,85 || €xes=> 5% _ . -
115--4%2,5%/10,5 kBl -~ TMT-6300/110 - [ "To xe 0,83—0,84
ex=10,6% 1104-4¢2,5%/38,54 -
42542, 5% /11 xB
exan=10,4%;
€x15==10,3%;

£xas=5,6%

Npunoxenuve 215

lbopurnu Kapcona gns onpegenenma conpomamuul NpoOBORA NWHKK Z; W :onpo-mnnerm saanmomnymu Z
MEMAY ABYMS NPOBOSAMM NIMHMM Npx BO3BpaTe OOPATHLIX TOKOE Yepes 3eMmo

8{«: 2I1-11 npuBefeHO pacnoNOKEHHE NBYX TpO-
no.ccOB BJl A u g npH BospaTe OGpaTHLIX TOKOB Heped
3eM/mo 110 (GHKTUBHEIM npoBogam A u.a.

B coorserctun ¢ ¢opmynamu Kapcoua {31 r.:onpo-
THBNeHus Zr, ¥ Zn pzmnﬂ OM[KM’

Z, =r,+ 10,009894f Ig ;:n—-+0._0025_1f P+ Qs
(211-74)

2y=i0.0028%4f Ig T+ 0.00351f (P+ Q).

J€ Ty — AKTMBYOE CONPOTHB/ECHHE npoaona. Oum/xv; f—

qam-ora toka, T pm——sxannaaemﬂﬂﬁ paguyc nposo- -

(21‘1 74), (2I1-75) u BCex MOCAEXYIONINX qupmynax
paccTosiHHs MexAy IPOBORaMH HaubH B MeTpax.
Benuuyrnl P 1 Q sBasiorcs QyHkiuell NepeMeHubX
9, pan, (puc. 201-11) u p, roe aas Zz:

p=2,79-10-%8 4, V'i; ©(2T1-76)
Bnst ZM: . . : : ; :
p=2,79- 1u—ssABVﬁ: £ (2nT)

% 4 ynerHas npononmom semmm; 1 /O -cis.
Ilps 0,25<<p<6 sHavenmns P u Q ‘Dﬂlenenﬂms: no
KPUBHIM pHC. 211-12 pns pasHuX swaderuil yraa 6

g*.

(211-75) |

Hpu p<0.25
2 W "y
: PF“B_ 3V
Al=
[
Sea
| Z-//'-i///
-}
i
I
I
|
j
|
i
o
Airing
¢ A

i s e
G

Puc.. 2I1?_11. Pacnonoxetne OBYX MpoBONOB iaoanymﬂoﬁ nu-

_BHH npu BOSBpaTe TOKA Yepes 3emMyuo.
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Puic. 2I1-12. 3apucamocts P 1 Q ot p u O npn p=025+6.

2
+1n ?) +}% 6 sin 26; (2I1-78)
1 2 1
— —0,0386 4 ——In—-+———= pcos§. .
Q 0 +-3-In IJ+3Y2 pcost (211-79)
[lps p>5
cosf cos20 cos36  3cosoHh
Pe—pe—— — (2018
Vip 7 Wap Vg @0
cos® cos38 3cos50 (T1-81)

C=va, Vip Vip
Tlpn p<025 (naubonee pacnpocTpanennudi Ciyuah
LA JHEHH 3NeKTponepefayu MNpH NPOMBIUINeHHOH 4acTo-
Te} B {2I1-78) m (2[1-79) pnycTHMo H_ COOTBETCTEHH
c [31] He yuuthiBaTh WieHH, cogepwaiume 0. IToacramnsa
B III -74) u (2I1-75) snauenns P u Q wus (2I1-78) =
(2r1-79) (npH OTCYTCTBHH uNleHoB, Cofepxauux 0), mo-
Ayuaem, OM/kmM:

Z, = ry + jx, = ry + 0,000987f +
66,4

j0,002894f1g ——7=; -82

+ 40,002 fgps.uVﬂ\ (211-82)
Z.M = rm+ ].JJM= 0,000987f+

66,4 o)

+ j0,002894f ig m

Kapconom 6b0 BBEfieHO NoHsiTHE 06 SKBHBAJEHTHOM
rny6uHe Bo3BpaTa TOKA uepes semmo D., Kotopoe onpe-
HeNsieTc KaK PacCTOfiHHE MeXAy AeHCTBHTENbHEIM NMpPOBO-
zoM BJI u QUKTHBHEIM NPOBOJOM, PACIONOXKeHHWM B SeM-
Jig, N0 KOTOPOMY BO3BPALIAIOTCH TOKH HYJeBofi moc/iefo-
BaTebHOCTH.

Torga opMynn Ans BHAHCAeHHA Zr, H Zax NpPH

D,=66,4/V A (2I1-84)
132

npuHHMaloT BHA, OM /K

Ds
Pa.n

(211-85)

D
= ,05 » 14 ""'?'_=
r; 40,054 j0,! SIEPs.n
Zpy = g + %3y = 0,000987f - J0,002894f Ig 5‘25? =~

D
=2 0,05 4 j0,145 Ig ﬁ. (211-86)
o

B {29] padn TouHHle (GOPMYJH AJISi BHMHCJIeHHS P H

Q ngn MmoGomM 3Ha4YeHAH P, KOTOPLHE OTNHIAKTCH OT
(211-78) u (201-79) HanHIMeM JAONOMHHTENBHHX UJEHOB
AP 1 AQ.
B cooteercteiH ¢ [29]
pPcos36 wp* cos 4l
AP = — -
5V3 5% ¢, (D
" mp?cos 20 picos38  p0sin4f
R=—"" 5V 384
* cos 40 2
—L (ln-—p—-i-l_ ,089) . (an-88)

B {36} npuBesent TabnkuM, NOJYYeHHEE C NOMOLLbIO
SBM pgnsi BHuHC/AeHHS 25 % Zam B COOTBETCTBHH
c (2[1-74) u (201-75). PacueThl peakKTHBHOR COCTABNSIO-
meil xn, TNpoMseenennne c mnomowbio (21-75) [31],
(2I1-75), ¢ yyetom (201-87) u (2I1-88) {291 u c nomoubo
Tabnuy {36], NMpakTHueCKH COBMNAaAalOT B JHAnNasocHe H3Me-
HeHHs paccTOfiHAA Mexay nposoiamH D or 0 mo 500 m.
KpuBasg H3MeHeHHs BSAaUMHOTO COMPOTHBJIEHHS B (PYHKUHH
PACCTONRHA MeXAy nposogavH D, BLITHC/eHHas B COOT-
HetcTBHH ¢ (2I1-75), npusesena na pHe. 211-13 {xax=F(I)].

KpuBas usMeHeHHs B3aHMHOTC CONMPOTHBJEHHA B PyHK-
IMH PaCCTOSIHHMSI MEXAY nposoaams [, BEMHC/EHHAS B CO-
i}memr-??ﬁ ¢ (2I1-86), Takxe npupesena Ha puc. 2[1-13
X' M= . f

U3 paccmorpennsi Kpusuix Ha prc. 2[14(3 caenyer, uto
pa3uYHe MeXAY Xar, BRINHCIEHHHEM TO YTOYHEHHBIM ¢(HOp-
mynam Kapcona, H X*n, BuuHclennnM no (2[1-86), ne-
3HAYKTENBHO.

% Lo vy
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Puc. 2{1-13. 3aBHCHMOCTE COTPOTHENEHHS B3aHMOHHLYK-
UHH MeXJy JABYMSI TNPOBOAAMH OT PacCTOSHHS MeXAy
HuME Tpu uactore 50 I'nL

Mpumeuanus: | Conporumnenne x, BuUHCAeHO MO (op-
myne Kapcowa (201-75). 2. ConpoTeBieEHe X*, BHYHCAEHO @O
(211-86).
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CobcTEennbie M B3aHMHBIE COMPOTHRIEHNMA uynem nocnenonarenmo:m CHCTEMB! M3 7l napannehbuo BHAICUEHHBIX

TpexcasHeIx PMEKFA W CHETe MBI M3 It 1'pocoa

A. CobcreenHHOe CONPOTHBAEHHE CHCTEMEI i
M3 n napmeuhm nummunut TRPEXPAIHBIX NHHKH

l'Ipn yUeTe CpelHUX reoMETPHIECKHX patt:'ro,ﬂmﬁ Mem-
AY UPOBONAMH. CHCTeMEL TOK. Pacnpeferaercs MeXay npo-
BOZAMH p&BI!OMepllb HPH ITOM najieHHe ‘Haﬂ'pﬂ}((EHHH Hy-

JeBOfi  HOCNENOBATENBHOCTH Ha Ka}aom uz 3n  Qasibix .

NPOBOZOE CHCTeMBl NMPH yueTe NPOTEKAHHS uePe3 Hero
B O7HOR ¢ase Toka 3/o/3n ‘W BiMsHHA ONHON K TOi Me
B3AHMOMEAYKNAR ¢ OCTANEHEIME 3n—1 {hasHumin npono;za—
M B COOTBETCTBHE ¢ (2-67).1 (2-69): L
3ls
U 5 s+ @1 23 -“—*[r.,+n 054

+ j0,14

—-1)0054-

+1'0M5f3n—1)!2g ]

Coﬁc'me!-umc CONPOTHBJIEHHE u_y;!enoﬁ nocnenbna'rm

HOCTH. KaXKAOro H3 9n ¢a3umx npoBuIl,On B COOTBETCTBHY’

c (271-89): .
5 Upn HL S
A= m”’n 8n:0,05 4
D’:" o
+ fO. 1451g W—: (201-90)

OKeHBATIOHTHOS CONPOTHBJCHUE . HyJieBoii Iloc.l!enona-
TeJbHOCTH CHCTEME “H3 n napa.amemmo BK/TIOYEHHEIX OJH=
HAKOBHIX JIMHMH:

o R . g
e L %) 8

(211-91)

B (21-89)— (201-91) Dwn--tpe;mee reoMeTpHye-
CKDe DACCTOMHME MEXAY NPOBONAMH CHCTEMEL, ‘OHpenense- -
MOE 9HCJOM BOSMOMHHX PacCTOsHHE MeXAy 3n (ashux -
NpPOBOJOB, paBHEM cm:e-ranmo H3 Bn S7IEMEHTOB IO 7B3,

3n{3n—1) ;
T. B 9 §

Taknm obpasom,
3n (3:1-11

upomnueﬂne Beex Bo;auox;.
. HbIX PACCTOSHMH mMexny tpas-
HEIMH NTROBONAMH

: DC']JI'I_

(211—92}""’.2_
. Tax, zna maByx napmemmx .mcmnﬁ (pnc. 2-19.8); .

Dep.n= }/ DABD,acDBcDAaDAmeDﬂaX

53 DBbDBfDCnDCb‘DCcBBbBacDUc . (2E922)

Cobcrpertioe conporHpienre HyJIeBOi1 nncmouarenb-
HOCTH CH(;TEMbI us n NAPATENbHO BRIIOUEHHBIX OHHHARO-
Bhx
A3 COOCTBEHHOIO CONDOTHBIEHHS ONHOH JNHHUE no (2-76)
B YUHTHE2# BIHARHe B3adMOKHAYKIKH ¢ oc*ramauma
n—1 HenmMy no (2-78):

1
zaa S [rn—yn 15 - 0,435 lg Dy {~

D
+n— 1) (0 15+j0 435 Ig Dcp P )] “ 'HI 15+

{2[‘!—89) :

n =—i1—+0515+ jmmlgwﬁ?f——ﬁ" \
: \ : P_a.rr_ cp.n A

ex@3HBIX JIEHUN MOJXKHO TeKXe TIOYYHTh,. HCXOAA.

wry s ﬂpuqomeune zn-,d’

G v

& = -

| 4 PCDDJ; m!u
B (2I1-93) pcn—cpe;muu FeCMeTPHYECKHi pa,rx

Tpexdassrlx  NPOBONOB  OXHOK  JWHEM mno  (2-7

8 Depiun) — cpeanee reome'rpmecxoe paccTonune Memm'

L{ETAMH?

+ 0,435 Ig: -~ (211-93).

1,1 tn—l} =
D, = nponaaeneﬂge BCEX Boamﬁmm
cpnsml L/ paccTosmuit Mexay (asubiv
- TIPOBOJAMK: PAS/HIHLIX LEneH.

e v : (201-94)
* Tak, Aas ABYX TApasuTesbHEIX ‘JTHHHI (puc. 2-19,0)3
Dey tw.0) =3/ Dy, D 4D D5 Dip D5 D Dy (21-98)

Jast ' pacwera wmoxer OuTh. HCOONL3GBAHA
(211- 91) TaK H {21'1-93) : y

KaK

B. Coﬁmeuuoe _CONPOTHERNEHME CHCTEMBI
M3 In Tpocas x !

rlagemag HanpsiKerps Ha KaXOM W3 /m TPOCOB NpH
g-{eye NporeKanns. YEpes HEro B, JEHCTBHTENBHOCTH TOKA
Loz /m 4 BIHAHHSA 'B3ANMOHHAYKUMH € ' OCTAJbHEIMH
m—1 'rpnczmr el

-.G.Tﬁﬂ*-é(rﬁmos'ﬂo,msl_gp—p?)-f_ s frel b

Bl ) WV

(m-—l)(QG5+i0]45IgD -

D™y

X Bre 0, 15*1+;0,4351g——--0m l\ {21}96_)
Pa.¢ op.T. }

vuwmnaa, uTO B CXEME SaMElIeHHs| HYJEBOH ﬂoc.ne;m-

' BATENILHOCTH B KaMJOM - Tpoce nporekaer lox/m, momy-
4gem cqnpo-msnenue KazkJIoro M3 m TPOCOB paBHBEM,

*Ou/m A

‘ZOT(I}"" U ""'-3"-:"‘!-0 15m+i0435 ig Dma_l_.
-'(Iit; epLT
(2r-97)

stmaneﬂmoe conﬁommeme Hynesol . nocie oBa-
TeNBHOCTH CHCTEMB! M3 7t NM&DATUTENBHO coe,mueuum OJIH-
HAKOBEIX. TpoCoB panko, Om /rkm:

/At % Zo_'r”(‘l) =?T+,U.'I5 -+ j0,435 Ig "'—t““:...:'-—'—'__*_-:.'i-*_
Tl il e
5 . (21'[-98)

Cpe,auree recMeTpHUECKOe paccmﬁune Deyn B (211—98)

: ONPECNISIETCH YHCOM BOSMONKHEIX PACCTOSIRHI MEKAY TPO- .

caMy, ' paBHbiM uHeIy coqeraﬂnﬁ u3 m 3JI€MEHTOB no. 7Ba,

o m( —l) .
T e g, Tai{m aépaqom,
5y it m- (m—I)
- Dcr.' = f Hpﬂﬂsstmeane BCEX BO3MOXKHBIX."

¥

pacc'mnﬂm{ Mexmy TpOcaniu

i ' '(2{{-,"99)_ £
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“THE CPennes reOMeTPHUECKOE PACCTORHHE

v

Sam /I pOHSBEIeHHE PACCTOSHHE OT KEMJIOMO
Dy.rp ==

NpoBOfA TPeX(asHEX JHHAH A0~ KaX- °
HOro B3 m TPOCOB :
& . (2ne101)

CrexyeT OTMETHTE, 4TO [P CHMMETPHYHOM Pacnolo-
eHHH NPOBOJOR KaXKioH CHCTeMBL, -2 TaK:e TPH' CHMMET-
PHUHOM PACIIONOKECHMH CHCTEM -O/iHA 10 OTHOLIEHMIO K APY-
rofi pacierHEieé BHpaxenus (2I1-92), (201-94), (201-99) w
(2T1-101) ‘;nst cpelHHX pacCTOSHEIL MOryT GHTR yHpO-
LEHDL i

NMpunomwenne 2MN-7

YiouneHHoe onpefeficHe NaPaMeTpOB CXeM 3aMelieHMs no pHe. 2-27,.6 W & npH yuere

REePELIX HECKONLKHX WGHOB REINOMEHMA B PAA rHnepGommueckmx yHKUMHA

E. B pang -nurepaTypHulx MCTOUHHKOB MO pacyeraM
‘BNCKTPHYECKHX peKHMOB {47] IpH onpefiefieHHA TapaMet-
por II- u T-cxem samenenmsn no (2-166) u (2-167) yum-
THBAWTCA NONpaBoynbie KOSGOHUHEHTH: ¢1 B ¢z HCXONA
H3 NPe/ICTABJEHNHS UNepGOJIMIecKOro CHHYCA [BYMs UJIeHA-
ME. B THRepBONRYECKOre KOCHHYCa TPeMsi YJeHAMM pasiio-
mewgsg B prA no (2-171), 7. e. Goyee TOYHO, WeMm ANA

3TOM ¢: H gz yio (2-168} moryT OHTH BBHpaKeHHl B Clle-
AYILIeM BHOE: -

it VTV
@SV TT oJ B _1 4 25 (orr102)
VEF VZy, =k ey
_ 2tV Z¥a—1)
OB Y Tt o
B )
2(.1.,+ "*E‘Q“‘-II—{—H}—'*-—J)
o Vx| VZR Y2 |
(Z ) Zy -
2’?}’"+ I; 1+‘_I§{L o Vg,
it AT A R )
-ZJ:LYJ'I(-1+6 ) 1-{—‘;6”—* :

2. Ha npakteke pumecto (2I1-102) w (21'i—103) MOXHO "

 HOJB30BATECH IONPABOYHEME KoaQdHINEeHTaMH B OTAEb-

HOCTH JUIR AKTHBHHX K DEAKTHBHLIX CONPOTHBICHHH (¢

M x;) # emgoctiod npopopvocti (jbx=Ygn) mummi.
3feck npHBEfeHH NONPasodsBle KO3 {pHUHEHTH B Ta-

KOM EHje A/ TI-cxemH SaMmeuleHHs DO PHC. 2-27,6. Ilapa-

METPH paceMaTpHBaemol cxemu [47]:
-an.n= G+ jGxXn;

4 % ghed L
DTAENBHEIX SBeHLEB llenoueusoli c¢xemw no ppac. 2-28. Tlpm °

1-104
Y= quibn/2. wd ¢ *
Tlonpasouspe xosddunuenty, p (2I1-104) onpepens-
" 10TCS Ba ocHOBaHHH (24166), %-102} u (2I1-103):.
: : Z‘np.'ljl:z (_f n + fx.a:} 4y = :
5 Fo— %) 7b " eedh
= (rat %) [1 + ("Jr—(,.”ii‘]:rn (1 *—-;;'—-f?)+
» b,
i Kby — ;1.";1
a1 — A ) i,
T. €
t- . 2
b xﬂbﬂ“r-ii’.ﬁ
A1

gr=1— 22 gm1—————; (2A1105)

oty -+ J%n) jba ?G.nb,n

K o g G e

=0 (ra 7xz) fba i Xnbn 8
1_{_-—-—-————6 l—-v—"_ﬁ
Yaban
8 3+q
_m =0,b m;. (211-106)
. SR

Mozicno (‘)ii_{T&ﬁ:, quq‘i)accm-aqpnnaemoe pewenye obec-
NEYHT AGCTATOUHYIO TOYHOCTh AJA JMEHA JuHHOH o 400—
500 mn. R

Mpunomenve 3M-1

Onpepenelie NApaMeTPOR CXEMEI 3AMELEHHA HYNEBOH NOCNEACBATENEHCCTH
B BMOE NORHOrC MHOIOYTONbHMKA ANA NAapannenbHuiX nMHMK, CBASaHHLIX B3aHMOMHAYKUMEH

Cnoco6 onpenencHns napaMerpoB CXeMH 3aMellenHs
B BHAE NOJHOrC MHOTOYrOJIbHEKA PacCMaTPHBAGTCH HA NpPH-
" Mepeé Tpex YapalesicHbiX JuHuit meo pue. SI1-1ia. “Ypasee-
RHA Najedusi HanpsKeuus: B dopMe Z IOda SToro eayuas
MOryT GHTb 3amvcael B MATPHYHOM -BHIE CIEAYRIIHM 06-
pasoM:

&1 '_-L”'lJ . Zy zl-z ?13 % I
Uy _Ulzt =1 Zo1 Zp Z;u jﬂ. o (3“-_1)
L‘"i— [:IS' f. 3

Ly Zyp Zys

134

Otpamasn (3[1-1), noay«m:

i {YuYeYs, Ui "_Ui)' .
Ty 1] Yo Yo Y%; LZS'_"":_:’_E' ; (311-2)
fil Y“ Y‘n Yia gx_“US’

Vpaprenusm (311-2) cooTeeTcTBYET cXeMa SaMelleHHs
B BHAE NOJHOro .MECTHYTONLHHKZ, TIpHBEeJeHHas Ha
puc. 3I1-1,6; MpOBOAMMOCTH BeTseil' CXeMBl 3aMellleHHs OT-
MEYCHBl HHACKCAMH € YepTOH CBEpXy, 00OSHaYarouHMH ys-
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Pyuc. 3I1-1. Cocrasneune CXeMH ‘3aMellileNHst B BHAEE TI0J-
HOrO MHOPOYTOMbHHKA M1 TPeX NapalAe/hMbiX JHHHIL -

@ — Hckonmas cxéMa; § — cxemd sameujeHHs ympui nmo pec. 31-la
B BHJAe NOMHOrD MHOTOYFONBHHKA; B -— CXeMa SAMEUIECHRs no

pre. 301-1,6 npm npraowkemuu U, KO BXoAY ] W SaseMAeHHA,

OCTANIGHEIX BXOLOB.

Jbl, X KOTODHM IIDHCOBAHHEHE COOTBETCTBYIOU(HE BCTBH.
.55 onpefieieHys NapaMeTpoB” CXeMbl SaMElLleHHs B BUAE
MOMHOr0 WeCTHYTOJNBHUKE NMOOYEPeAHO IPHIOKHM HANpane-
HHE K ONHOMY H3 BXOJIOB cXéME! mo pHc. 3II-l,a i 3a3em-
JHM Bee octadelble Bxonkt §13} Ilpu npuioKenwu nanps-
wenna Uy K Bxoay I cxembl no puc. 3ll-l,a Tokx mpoTe-
KalOT He TONMLKO B JHHKY I, HO M B JUBHAX 2 B 3, CRA3aH-
BbIX, ¢ JuHMeH 1 B3aHMOMMZyKuHeH. Ypasuenus = (3I1-2)
TPy STOM NPHUMYT BHA: 35 :
‘f 1=Y5,U; e

-I_, - Yﬂl[.}l = -le[-“l;
I ﬁYﬁ,U:'F Yaals.

[MpussaTHil pesmum B. cxeme no pue. 3M-1,a momxen

(313)

GLiTh OTpAIKEH B CXeMe 3aMelleHHs B BHAEe NOJIOLQ IIeC-

THYro/baHKa 1o peEc. 3[01-1,6. [las paccmaTpHBaeMoro, pe-
KHMA NPUJIOMENYA HaNpPsUXeHHs KO BXOAy~! TOKOpachpe-
HAenenvie pamo ma puc. 3I1-l.6, mpwieM -DPOBOXHMOCTH
B gToll cXxeMe BaMEINEHHK TAKXKe OTMEVEHH HHACKCAMH
¢ 4uepToil cpepxy, 0603NAYaIOMEMY YSJbl, K KOTODHIM NPH-
COEJHHEHH COOTBeTCTBYIOUHe ' BersH. Kark pujiHo, 7OXM

NPOTEKAIOT TOMDKO MEWAY HAXOARIUHMMCH MON HANpPsHKe- .

‘HHeM BXOOOM [ H OCTANBHEIMYM 333¢MJICHHHIMH BXOIAMM.
Sr0 BepHO, MOCKOJBKY B CXeMe SaMEUEHHN C 3JEKTpHYe-
CKMMH CBS3AMH -MeXAY NApaMH Sa3eMJEHHHIX TOHEK TOK
mporexkaTh Me Momer. HMcxois ms ocofeuHocTeln TOROpac-

npunsThiM Ha pHC. SIl:l,a s TokoB mOROKMTENBHEIM
HalpaBJieHHEM), MOXKHO JLf CXeMH 3aMmelleHHs o
pue. 3I1-1,6 uanncaTs: .

f,;-:j{ﬁj. U_a;

g EYE;- U, = -"-_-‘,Yﬁyl;

13"—“_}'@'01 ETT 5 Y'I‘*S'Uir

(3[1-3a)

rae Yo Yigo Yip Yim s Yl—_é-.—npoﬁo,u.a.z{mcm. BeThel
CXemul saMeutenud no puc, 3[1-1,6. i

: Qonﬁmasm"_(al'}-a)' u (3[1-3a), nonyuaem: .

' Vie=Yg, = — Yﬁ, (311H-4)
Ry

Dlanee, DPUJOKER Hampsenue Us X BXOLY 7 H 3a-

SeMJIHB BCE OCTAJIBHBlE BXOAK cXeMM mo puc. 3ll-1,a, mo-
nygum M3 ypaswewmii (311-2): : .
'+ i 1 =Y nlfai IR
I:s = Ye!E{'Is; } (3I1-5)
'Iz — YnUQ'

COOTBETCTBYIOILHE: COOTHOIUEHHH B CXeMe 3SaMellleHHs
1o pue. 3I1-1,6:

I.l :Y—-(}g = ‘—YEUz_a'

"2 g
12:Y§—§7 C.}g; : (31'{_5&)
ia = Y2_BTU!= ""-Yﬂ—avg-

Conocraenas {3[1-5) w (3I1-5a), moayuaem:
o Y=Yt Vak

e b3
i . SI1-6
Yaa = Yors (5116)
Ygs_ = YW — YEE'

Hpunaras raxum ke 06Dasom ManpskeHue X Brony 3
NpH 333¢MJIGHHH BCEX OCTAJNBHMEIX BXOAOB B CXEMe MO
puc. 3ll-1,a0 u yuuTHBaR CHMMETDUI0 CXEMEH 3aMeLicHHS N0
puc. 3I1-1,6, oKOHYATEABHO MOJTyYaeM: :

¥y =-Y]'i'; i Yoo == Yﬁ, H Yss-"=-Y—3~§; ’ l
Ya=Ym=Yn ==Y ==Y : _
Ynsl’ﬁ ———Yl—;g——:—)’ﬁm-—- o (307
Y=V = Vo= Vg =Yy

Ot6otimasg (3I1-7), MOXHO ZNst CXeMH B BHZAE - HON-

HOTO MHOFOYIOJIbHEKAE, 3AMELIAKUIEH /1 napasieabiby am-

HMil, SanucaTh KPaTKO pacyeTHHe COOTHOLIEHUS:

rpe X, Y ¥ &, ¥ — oGobluenHOs HAMMEHOBAHHE COOTBETCT-
BEHHO JeBRIX H 1PABHIX BXOAOE CXeMual no puc. 3II-16.
[o. (8[1-8a) onpefensioTcst TNPOBOAMMOCTH TOPH3OH-
* TanpHbx Bersedl {Bcero n persedi], a no (3I1-86) — nposo-
* RMMOCTH HEBKJOMHBIX RBerBeli [Bcero n(n—1). setseii]
TIPOBORHMOCTH BEPTHKAJNLEEIX Berseil [scero.n(n—1) mer-
BEli]; IpH: STOM BEPTEXAALEHIC BETBH MMEIOT 8HaKH, ofpat-
Hble 3HdKawm. npopoauMocTell HAKJIOHHLIX BeTBel CXEMBl 3a-
MEILEHHS B BHAC NOJHOrO MHOrOYIOJBHUKA.
OTMeTHM, MTO BMECTO NPOBOLHMOCTE MOMKHO [OJb-
80B4TbCA COMPOTHBJEHHAMY OT[AEJNBHRIX BeTBell TOJAHOTG
MHOTOYTOJIBHHKE, 3HAYCHHA KOTOPHIX OOPaTHEL NPOBOAH-

) . MOCTSIM. :
npefienednsi B cxeme no puc., 3[1-1,8 (cooreercreyioiero

Crienyer oTMeTHTS, uTO npH pacuere na IBM npu uy-

" Mepamuu’ ysJoB, TNPOHSBONHMOMH apabckumu. nugpamy Gea

2+ O

Zoe+3 O Honkbid %if
Aot + F Ot ! Joe+p
Dop+ 7 O] HEEMUNDLRILHILA Se1 8
2o +9 O— 'ggq_&
2o+ ] 0~— 20472

Prc. 3I1-2. CxeMa NOAHOre MEOFOYrOMBEEKZ B vGOGHieH-
g%h;VL BHJie C. HyMepalHell BXOXOB CXEMHl Jiis pacueTa Ha.




HHIEKCOB, CIENYET 10 BOSMOXNKHOCTH TNPHAMMATD: IS, CXEMH

| SaMelUSHWHA -B.BHAE MHOrOYTroJIBHHKA HEYeTHHe HOMEpa A
*  NEBHX BXONOB H YeTHble HOMepa AJ# NPABHX BXOJAOB, Kak
© mokasaHo 'ma prc, 3[1-2 anm cxevsl 3aMelleHis LIECTH
HapainensHBIX MHHRE, ey a2y
£ DM STOM BHYTPeHHWE COBLMHEHWS B cxeme 110
; ‘51«:. 31-2 B neusax YHPOIIEHHs MOMKHO He TOKASHBATh:
BHYTPEHEMX -CBA3AX MEXIY BXOZAMH MHO bHHKA
MOXHO CyIuTh ¢ momotupio (3I1-8a) m. (3I1-86). OGumee
NHCAO  BHYTPEHHHX CoefiHHeHI# TpH.n=6 B COOTHETCTEHH
¢ (3-1) pasno: Hhfc

: ¢=_m(2¥i—'_1:);=6-1-1'=es.

. OMPENESIOTCs ~

L apinan

© TopusoHTANLHBIE: xima CXEMB SaMEILEHHH Onpeiefi-
J0TCA SNeMEeHTaMM T/1aBHOf JHAroHaiH MATPHUE NPOBOIH-
soctell Buga (3I1-2): uycao nx n=~6, sHayeHMs NPOBOLH-
mMocTell  BHUmcssiOTes - B cooTeerereum ¢ (3I1-8a).
Hak)OHEHE H- BePTHKANBHLE EHETBH CXeMH 3aMEUICHHS
alh—1) . Pk o

— =15 HeauaroHasbHIMHK SIeMCH-

TAMH MaTpunp;-nposonumocrell Buaa (3I1-2); wicao. Ha-
KNOHHEIX BeTsell papie n(n—I) =30, uncio BepTHKANBHLIX
BetBell Tome papHo. ri{n—1) =30, anavenns NPOBOXHMOC:
Tefl HAKJOHHHX H BEDTHKANBHHIX BETBell BEUHCIAITCS
8 cootBercTenn ¢ (3[1-86). : :

Npnnomenne 3M-2

PacuerHbie. gbipaydeHMn ANA ONpeAencHHs NPOBOAHMOCTEH ‘CXeMBl 3amellenHs
HYNEBO# NOCNeAOBATENLHOCTH B BMAE TIONHOTO MHOTOYTONBHHKA YePes 3ajjantbie CONPOTMBIIEHMR MMM

Ha puc. 311-3—311-5 nale CXeMbl SAMELIEHHS- H COOT-" *

BEICTBYIOlIEE MM MATPHUL TPOBOLHMOCTEN, SIeMEHTH
KOTOPHIX BEIDAXEHE 4Yepe3 SaflaHHuie cOOGCTBEHHBE H “B3a-
HMHEIE CONPOTHBJEHHSI RBYX,.TPeX M HETHDEX JHHUH, CBfi«
sauBsX’ B3anMonsaykanei [24]. Oan wicna mmuuit Gosee

X “HeTrpex BHIPaXKERUs TPOBOAMMOCTe! -uepes 3ajanHbe Co-

OPOTHBJEHAS JIHHHE TIONMYYaloTCs BECEMa FPOMOSIKHMH.

W L 2
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T A e R

Puc. 3M1-3. Cxema samelleius B BAfe TOJHOCO ~ MHOTO-
yroibiuka (@) H matpuia mporojuMoctel (6) pns JBYX
NapajnensHEuy naHAk (oOwud caydait). 1F3g

& ;
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- Puc; T4, Cxema SEMEIEHHS B BUe NOJHOLO MHOIO-

. yroabuEka (@) ¥ MaTpeua fnpoBoREMocTek (6). AR TpeX

* napajnensebix nnmil (obuuk cayuak).
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_conpoTuBNenyit (3-2a),

‘Bosee npocteMu MBNRlOTCH PACUETHEE BEIPAKEHHA NS
CXEM SaMelleHHs ¢ BHHECEHHHMH COOCTBeHHHMH CONPOTUB-
NEeMHAMHA JwiiHl, MaTPHUL HPOBOAKHMOCTEH KOTOPHX mnoiy-
4afTCs NOLCTAHOBKON COGCTBEHHBIX CONPOTHBAGHHH AMMEH
Zu, Za9, vy Zj5y Zux, Zny, PAaBHEX EYJO, B MaTpHLy

3[1-8 npubefeHsl TaKHe CXeMB SaMeiie-

H#S C BhHeCEHHBMH CONPOTHBJGHUAMH JHHUE H MavnpHUH

HpUBORMMOCTEH, 3JCMENTH KOTOPHIX BHIDAXKEHHL uEpes aa-

DaHHEIe BIAMMHEE CONpPOTHHJEHHS ANA ABYX, TpeX ¥ 4eThl-
pex nuHul, CBASAHARX B3AHMO! /RuHed. -

HyTepecHo OTMETHTS, YTO [JIA TPYNNK 1 NAPANNEABHEIX

Ha puc, 3[1-6—3

; yHui mo puc. 3-1,a npu obnenuHeNHH HX DO KOHUaM wH-

HAMA TIPEACTABNAETCH BO3MOMCHHIM FOJYUHTH BEChMZ TIpO-

' CTO€. pACHETHOS BHIPAMEHAE NS PESYILTHPYIOLIEro COMpPO-

THBJIGHHS BCel PpYNnH JHEHA (Dpy sxemwreM . s.). Ilpn-
HAB, UTO HATIPSHeHHE Ha LUHHAX OJHOTO H3. KOHIOB PaBRO
Uy m_ppyroro Uy, B TOKH, TeKyulHe @O ¢ JIHHHAM, -DaBHE]
1, ds, ..., 1. COOTBEICTBEHHO, MOXKHO JaNHCATL CHCTEMY
ypaBHeniii & gopme ¥: |

=Y, (Ur-i':' /) +"Y1k-{[y1-"6]f) + .
: ...+Y,,,(U;,T~('f.,); %
In =Yy (U, —‘91:) + Ysa {[?: > Ui') +.-.
ses + Yor (6?1 = 0[ B H ; {8]'{-_9)
1 =Y 10 0y —Uy)) +Yan (03 =0y + ..
---+ynn{t}1—"d:1j- 3
Oddanaqna" B 4
Iy=1+l+ oo+ L
NIOJTYUM: - : :
I; = (Y“ +Ygg +.“'.+ Ym.ff'-wu "l" Lk
et 2Y1042Ysnt 42V m—0a) (01 —01). (311-92)

* . ' Hcxona @s (Bﬂ-éh), QNpeEfeaseTcsa }:F_synbmpymngp

conpormanéenre Zy - Mexny Toukamu J ¥ 17 Kak mesuvsNd,

MEIX TIPOBOAMMOCTER MATPHIUL (311-9)

‘i obpaTHAs CyMMe BCex COOCTRENHBIX M YABOGHHHX BEaHM-

Ul':"' 1’ B
gt ST
Ay e 1
Y Vst F o F VAt Waaot o B et Wy
it WanF Wan t o+ W nayin
: : (B1-10)

B (313-10) Yz @ Yoy -wuﬁoﬁmeanb;g. H#H_wgnop#mﬂ
COOCTBEHHEX ‘¥ B3AHMHBX NPOBOAHMOCTER maTpuuel  (8-3).

e T bk et
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LU et
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Puc. 3115, Cxema samewmensa B BHIe NOJHOFO MHOTOYT
panyenbHeX uEMi (obmuit cayvaii).

- Pue. 3[1-6. CxeMma 3amMeuleHHs B BHAe WOJHQIQ MHOIO-

HKa C BHIHECEHHEIMH COBCTBEHHHIMH CONPOTHBJEHHS-

MH JHBWA (@) M marpHua. nposopmmoctell (6) mas NBYX
NapaineabREX JHERH.

Prc. 3[1-7. Cxema 3aMelleHHs B BHAE INOJHOTO MHOro-
YrojibHHKA € BLIHCCEHHLIMH COOCTBeHHBLIMY - COMPOTHBICHHA-
MH quprfl (@) ¥ maTpHIA npoBomgMMocTeR (6) oAm Tpex
napanyenbHbIX JHHEH.

10—~156.

AgZﬁf'ﬂ“'ij * 8"'2{5‘5‘" Zﬁg'ﬂ

ompuuka (@) M Marpuua mposomuMocted (6) Aam weThipex ma-

X Zfa_ZZJ "'z-f', z;z Zy.; 2
232233 Zyp Zys j it fz 3
y.| ?zz:rz z” z‘” 6)
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Puc: 3I1-8. Cxema samemenns B BM/le NOJHOTO MHOFOYTOJIEHHKA C BHIHECEHHBIMH COGCTBGHHEIMH CONDOTHBICHHAMH HH-
uuit (@) ¥ matpuua npopojHmoctefi (6) Ias YeTHpeX NapaLIeNbRBIX AHHHE,

Mpunomenue 303

OcofennocTH CXeMbli 3aMEU|eHHRE HYNEBOH NOCREROBATENbHOCTH NapannenbHMX nMHMH
B BMAE NONHOIO MHOFOYI'ONbHMKA NPHM 3aMLIKAHMM HA 3@MIIO Ha OfIHOM M3 NHHMIH

Iee mapanenrbHne JHHUA ©O B3auMOMHAYKUMeH TipH
8aMHKAHMH Ma 3eMmo Ha omnofl w3 Hux (puc. 311-9,4) mo-
ryr OuTh MpeicTasieEn B BHAE TPeX lenefl co B3aHMO-
uBaykupei (puc. 3I1-9,6). Ilpy s3TOM B CBASH € TEM, 4YTO
B ¢xeme mo puc. 3[1-8,¢ Tox ma yuactke 1’K manpasnen
[POTHBOTIONOKHO TOKY B JuHHM 22, COTNPOTHBNEHHE B3a-
HMOHHRYKIHH MEXAY HHMH B cxeMe no puc. 3I1-6,6 mpuns-
TO € OOPATHEIM 3HaKOM,

Cucrema ypaewenud B dopve Z, OTpaXawIU®X CBA3b
MEXAY NajeHHsMM HAnpPAKEeEHs H TOKAMH B CXeME TIO
puc. 3I1-9,6:

(}1:_ ﬂ.(.! Bzu 0 Bzu

Up—“ Kk |= 0 (1 —B).zn —(1—=§) zu‘ b4
Us ""gzo B2z — (1 —§) Z,s YA
I

X Il"lc %
I,

(3M1-11)

Marpuua nposoyiamocteli Y, COOTBETCTRYIOINAS MATPH-
e conporueaenuit Z 8 (311-11), nMeer dHA:
Vit Yiw—tno, 5 Yoo
Yh(r__I g Y] 1yt fan]) g2 ? Yj_;gu__.ﬂr

oA (311-12)
Yoo oo

—

Y| =

Vie—oy  Yiwr_go

Onements marpuus (3T1-12) soryT SBITL: BRIpaKeEHH
uepes CONPOTHBAGHHS MaTpuiu Z 1o gﬂ-ll] € TOMOILbIO
MaTpHLH, mpusesienHolt Ha puc. 311-4,0%

1 B marpune Ha puc. 8M1-4,6 conpornssenue Z fMolmHo GHTH
NpHHATO ¢ ?epamupsnaxou {(znr cormacomanua ¢ pue. 3[1-9,6).
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Prc. 3I1-9. Tlpepcrapnenne ABYX NapaiyleNbHEX B3aHMO-
HHAYRTHPYIOINUX JIUHHA ¢ 3aMHKaHHeM Ha 3eMJI0 Ha OHOH
M3 HHX (g) TpeMH NEmsAMH CO B3aHMOMHAYKUHeH (6).



)]

Puc. 3I1-10. Cocrapnenne cxeMil 3aMelleHHs B, BUAE TOJI-
HOI'Q HETRIPEXYTOJBHEKE [JA ABYX TapaJae]bHbIX JHHHEH
TNPH 3aMBIKGHHH Ha SeMJ0. Ha OfHOH H3 HHMX.

Q -— CXEMa 3dAMENEHNN TpeX NapanientHEX ueneR: & — cxema mo
?(l}fc. 31-10,¢ npn ofTeiMHEHHE SKBHIOTEHHMHaNBEHMY Touek K B

3 G-— OpHBenenHe cxeMbl no puc. 3M-10,6 Kk cxeme aamemeHns
HEYX OApANNERBHBEIX JHHEH,

Cxema 3aMelWlesHss B BUJIE TOAHOTO MHOTQYTOJBHLKAE,
cooteercreyloman Matpuue (3I1-12), mana na pwc. 3I1-10,a,
Tpuden B COOTBETCTBHE ¢ nprfoxendenm 3[1-1 unposommmo-
CTH OT/ENBHEIX BeTBefi CXeMbl SaMeIleRHs EBHPaMAanTCs
Hepes saemeHTH MaTpHum (3[1-12) cremyiontum o6pasom:

YTLF = yh(l',___]k\l'; Y;_;Eu == Y]:xu__pxn;

YW == ng}__gg:;

Vi =Y =Y = Yiw—vwri -

Yo =Yg =Yem=Ypp=Yini_owi
Yao,= Yiz = Y= Yoz = Y2

)
(311-13)

. B (311-13) mpoBosuMocTn BeTBEHl CXEMB SaMelieHHs
no puc, 3I1-10,a oTMeveHHr HHZexcam#, OO03HAUAIIIHME
¥3JIbl, K KOTOPHIM LPHCOE/IMHEHH COOTBETCTBYICLIHE BETBH,
€ YEpPTOH CBepxy.

Ilprn o6nenuuexns sKeBnoTeR@anbEby Touek K p K
cxema no pac. 3[1-10, mpamer Bux cXembl o prc. 3[1-10,6.
OGrenunenueM Napa/UIeNEHBIX BeTBelf OXeMBl TIO pHC,
3[1-10,6 monysnm cxemy mo pu¢. 3[I-10,6° (I) nmt Gonee
Haraspnylo cxemy no puc. 3I1-10,6, (2), B XoTOpHIX OTHEML-
HHE BeTBH Xa&PAKTEPH3YIOTCH MPORONHMOCTAME:

5

1
T BZ;; e/

Y=Y t¥

!
Y =Yio + Ymr=T =y 2
¥ . Z3y Zn 1

117 =zn (Z11Z32 — 234) __Zuzsa—zgiz—*-z_-::;

Yo =Yoo +gm="0:

2'g
Yﬁt YW + Yﬁ; = U;
- __L_.
-@. lezsa _Zim,

= YT -
YE_YW_MYE?“_—YTE AT A AN J
(81-14)
Cpaerumas  napaMerpmt mo  (3[1-14) cxemm no

puc. 3I1-10,6 (2) ¢ mapaMerpaMM CXeME B BHIE TIONHOIO
YeTHPeXyroMlbHHKA B COOTBeTCTBHH ¢ pue, 3I1-3, mMomuo
YCT2HOBHTB, 4TO OHH Pa3JHYAIOTCH JIUL CTPYKTYpPOR Bet-
BH Mexny ysmame I ¥ I’ B cxeMe mo puc. 31{10,3 )
Mexay ysnamu I m I' BmoYens! [Be mapaslieibHbIE BETBH.

ConporusieHue ORHON H3 HEX AETUTCA TOURON SaMbIKA~
Hust Ha seMuo K Ha fBe NpONOpUHOHATEHBIE YACTH (c npo=

| 1
N BT (b0 %

1
apyrofl BeTem paemo ¥, g
* 1

) ; @ CONPOTHBNCENE

ITpx oTcyTeTsMH K. 3. yKazaHuble 3¢ BeTBH MEXILY
yanam I u I’ B cxeme no pme, 3-10,6 (2) moryr Gtk
ofbefHHeHH B OJHY BeTBb, HMEIONLYIO NPOBOmHMOCTs Y,
Kak. B cxeme no puc. 3[1-3,a, 7. e. B 3T0M caydae CXeMH
no puc. 31-10,6 (2) u 3[1-3a, Xak B CIELOBANO OXKUAATE,
HJeHTHYHH., ;

AHanorutHO MOMHO {I0Ka3aTh CHPABelBOCTL NPHEE-
ZICHHOTO PEIICHHA - /A K. 3, RA OFHOM H3 f NapaielbHHX
JIPHHH.

s Tpex napajsie/bHBIX JEHEH CXeMa B TakoM BHIE
npHaBenesa ua puc. 3-2,6. ,

Tlpe pacuere na 3BM Tpefyercs mpenycMOTPETh yaesn
K'» Toure x. 3. Ilpr 5TOM BO3MONEH PacueT k. 3. B paje
TOUEK JIHHHM TiepeMemenneM- ToukH K, 4 sHaunt, HaMene-
HHeM Kkoa(upHIHeHTs, XapakTepH3yloWero  OTAaNeH OCTD
MecTa K, 8. or 7o9ek 1 u I’ cxeMer no pHc. 3-2,6.

Hns BHupC/eHHs saMbIkanili HA 3€MJI0 HA PASHBIX
JHHVAK 38JaHAON CPYNNEl napajaieqbHbX JHEHE HeoGxopu-
MO B .CXeMe 3aMelieHHs BHJEA DHC. 3-2,2 TpencTaBuTh
COOTRETCTBYIONHE (m}:nson-ranmﬂe} BETBH aHaJOrHYHC
BCTBH Mexny yanamd I u I'.

NMpunomenue 3r-4

OcobeRHOCTH COCTABNEHHS CXEM 3aMELeHHs HYNeBoH NocNefoRaTeNbHOCTH
NApanfeNbRbIX NHHWA ¢ B32MMOMHAYKUMEN Pa3HBIX HanpsHReHHH

B pafe chydaes Ha TpakTHKE BO3HHKaET HeoOxomwu-
MOCTBH COCTABJEHHS] CXEM 3aMenteHHs HYJeBoll Io¢henosa-
TENLHOCTH TNApaJ/Ie/EHEIX  B3aHMOHHAYKTHPYHOUIHX ~NHHIR
pasHoro Haﬂ-pﬂ)ﬁeﬂﬂﬂ, ﬂpﬂﬂﬂmﬂ(alﬂﬂ){ paﬂﬂ'blﬂ CHHXPOHHO
paboTalomiM YACTHM CHCTEMB, CBH3AHHHM Tpancdopmaro-
pamu [5, 7]. . :

Ha puc. 3I[1-11,a moxasanel TPy napayie bebie JHOHH
PasHEIX HOMHHANBHGIX HanmpsueHult Ugy, Usxe u Uszs ¢ co6-
CTBEHHEIMH COHPOTHBJICHHAMH Z1, ¥ Zss ¥ B3ZHMHBIMH
CONPOTHEACHUSIMH Zyg, Zyg3 H Zay. YDaBHeHHN TIANEHHHA . Ha-

10*

OfKeRul TlapasiensHex vinHuit no prc. 8T1-11,a:
,E.[?‘ =Zyly+ Z,5l, + 2,15
f‘Us =Zyl,+ Zazi.s + za;fa;
M-}s = Zw’: -+ Zss_fz + zuie'

Ilpu pacuerax ¢ coxpaHenneM TpancOPMATODHBIX CBR-
sefi o pwe. 3I1-11,e, xorma cTasnTCH 3anaua ONpeeTHThH

HaTypajibHBlE TOKH ¥ Hanpskewuns, (3I1-15) moryr Ghite
HETIOCPEeSCTBEHHD HCHOJNL3OBAMEL [JS COCTABNEHHS . CYEMH

138,

} (311-15)
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Puc. 3[1-11. Tpu napaniebHEle JAHHHH PasHHX HamnpsKe-
MMt pH CcOXpaHeHMH TPaucOPMATOPHBIX CBfI3EH S_a) H
UPH MPHBEJEHHH K CTYNEHH HanpsixkeHus auuwnu I (6).

BaMeleHHH, H3OpHMED, € 3JeKTPHYECKEMH CBH3AMH B BHIE
TI0JIHOTO IIECTHYTOIBHHRA.

PaccmorpuM ©OCOGEHHOCTH COCTABAEHHS CXEMBl 3aMe-
ANeHHsT TPH TIPHBEJEHMH BCeX SNEMEHTOB K ONHON cTymens
HANDSKEHAS, " HanpiMep K CTYUeHH ¢ HOMHHAJGHBIM Ha-
npaixemieM Ugy B NPEATIONOKEHNH, UTO MCTIONL3YETCS MMe-
HOBakHafA cHereMa enunmy ‘(puc. 3[1-11,6).

Jaa semvuns nnnnlt 2 0 8, MpHBEAERHBX K CTYHEHH
Hanpaxenuss apiun [ mo puc. 3[1-11,6, BepHsl cooTHOIe-
HIISA:

Bly
A0 = kuahls =5 Z'sa=Fuali

2 ] _ (311-16)
AU, = k.,AIJ,; 1= E‘:‘: Z! 3 =832y
Ae )
Ui, — (811-16a)

k1:=ﬁ;, 'ku—Um-

“Coorsowents (3[1-15) moryr GuTs TpeobpasopaHE
~enefyloumy o6pasom:

3

1,
(80y = Zuly 4 (kuaZu) - HbaaZas) 3

b 1,
abl; = (ByaZi) [y + RaaZaa g HbakoZa) £

4 I
110y = (rsZas) 13+ (RaskisZas) g+ (BnaZan) 5
(3M1-15a)
“Beons obosmavennn (3I1-16), a Takxe
kZp=2"15; RisZ1y=2"r3; ksshiaZas=Z'n,
140

(3I1-166)

OKOHYATENBHO TIOJyJaen:

M?, “.Zu!: + Z"‘J’, + Z';J-’s;
Ay == Z" oy 4 274" Z'"}‘",: } (Br1-17)
AUy =273y 4 201y 4 2! i .

C noMompry (3I1-17) mowxer 6uTH cocrasiesa cxema
3aMeleHns] Napa/JICNbHBX JHBHI NpH NMPHBENEHHY BCEX ie-
reii K crymenn Hampsimewnss Ug B COOTBETCTBHH C
prc. 311-11,6.. Kak Bxalo, TPH STOM [OMKHB YYHTHBATHCS
B3aHMHLE CONpOTHBIEBH Z'12, Z'1s m Z'ss mo (3[1-16,6).

Cubicy1 TaKOTO TepecyeTa B3AHMHLIX CONPOTHBJIEHHH IIPH
TNpHBENEHKH K CTYHeHH HanpswemHs Uyy moixer Bwith
nosicHeH, Hexona us (3[1-15a).

Hanpsienne, #apofumoe B Juiny / B3auMOHHRYKIHed
¢ MUHEHSMH 2 © 8, COXpalfercsl HEH3MeHREIM, HO YMEHbIia-
10TCA BJIHAIOIHE TOKH

Iy=IofRiz v ["s==I3[k1s,

4 HAMpsIKEHUs, HaBO#HMEle B MHHHAX 2 o 3 B3aUMORHJIYK-
IHEH ¢ JmHncii /, YBENHWHBAOTCH TPONOPUHOHAMBHO Riz 8
kys, MERAY TEM Kak BAMmIONUA TOK Jumwm I ocraeTcs
sepsMenHbM, TO ¥ ApPyroe TMOATBEPIKAALT YKASAHHOE HM3Me-
HeHHe CONPOTHBJAEHHN BIaHMOKHYKIHY AMIHE | € JMHHSIMH
2m 8 TpH TpPHBENEHMH K CTYynmeduw Hanpamenms Um
(ZN1e=F10Z12 w0 Z'15==k13Z15). Jlanee, conmporHBiieHNe B3a-
HMOHHIYKIHA MEWAY JHHHAMH 2 # 3 NpH NpHBENeHUN paB-
HO Z'ys=Pzk1sZs5 B CBASH € TEM, UTO HANPRIKEHHE, HABO-
JHMOE B JIMHHH 2 B3aMOHHIYKIEEH ¢ juunel 3, H3MeHseTcs
NPOTOPHHOHANBHO ki, B TO BPEMS Kak BAAKIOUH TOK
JMIERI J H3MenseTcs 0GPaTHO NPOTIOPUMORAJLHO Ris; ¢ mpy-
roft CTOPOHE!, HATPsIKEHHE, HABOLHMOE B JHHHH § B3aHMO-
HHNyRIHel ¢ nuRiell 2, W3MCHAETCS NPONOPLUHOHANLHO Ris,
B TO BpeMsi Kax BJHUSIOmMHH TOK JinHHY 2 MaMeHseTcs o6par-
HO TPOTOPIHOHATBEO R,

Crenyer oTMeT®Th, UTO €CVil TPH pacyere TOKOB K. 3.
B KaYecTBE PacyeTHOfl NPHRHAHMAETCH CTYNEHb ¢ HOMHHA/b-
ueM HanpsimenueM Upacw, ormmuseM or Umy u Uss, To,
yuuresan (3I1-16a) u (3[1-166) ass conpoTHBAEHHi B3a-
HMOI!M}’-I{L[’HH, BXOOALIHX B SKBHBANGHETHYHO cxeuy samenie-
HHA B COOTBETCTRHM ¢ pre, 3[1-11,6, nomyyaem:

zZr _Yu Z _E.'.‘.)s: U_'pac‘,. : ]
127 Upy "2\ Uy 12Uy Une

e (U_pac_u); U . | (@I-18)
B Uys "2\ Uny UaiUss [

7t _%U'“ i7 t.&’.‘f.c,.'f..)’= Uﬁ. I
2T U Uy, "2\ Uy 30U !

Ilpn mcnombzoBaHmM OTHOCHTENBHOH CHCTEMb ©XHHML
COTIPOTHBJIEHHS B3aMMOMINYKIHH, NpHBelleHHbe K GazucHoOl
montHocTH Sg ¢ yaetom (1-18) pasum:

Upace 8¢ Ss -
r — = = 1
e 1 e
2

YOI . S (311-19)

- 13— &~13 UHIUEBU.DQCQ 13 Uﬂluﬂi
Ulpasu _ Ss
Pl B L g L TR
- aI""I'I!RL)'I‘TB[} pacy . Uﬂﬁyﬁl )

[Tpu nByX mapanieqbHbLIX AHAHAX PazHBlX HanpsKesudt
B (3[1-17) wpcnomsyidTes TOALEO WMEPBBIE 1Ba YPABHERHH
TpH WCK/IIOYCHHE U3 HHX 4JEHOB ¢ Tokom I'g; COOTBETCTBER-
HO HCIOMB3YIOTCS TOJBKO COOTHOWER S past Z'yg B (3T1-18)
m (311-19).



Mpunomenue 35

Cnocof cocraBneHMs CXeMm 3amellleHWMn HYReBOH NocneoBarenbHOCTM
napannensHbix NMHMH NPK YHETE BIaMMOWHAYHUMM TPAHC(POPMATOPHBIMM CBA3AMM

Cocrasjenie CXeM 3aMeLIEHHST YKASAHHOTO THOA TIONC-
HfeTcsd Ha TmpHMepe BOCHMH JHHHE (n=8) B COOTBeTCTEHH
c prc. 34 [9, 10, 12]. Conpotupiehus CXEMBE! SaMEIERH:
MOJKHO pazOHThb Ha TPH rpymmuu: A, B u C: _

I'pynna A —n ¢oNpoTHBNEHHY, BKMOYaEMBIX B KaXK-
LY H3 Iemefl @ BHYHCHREMBIX, HCXOAN H3 COOTHDLICHHA

Zah—Zp=tyr+ Zh )b 1y—Z R (RA1)

rie & — texywnii Homep Berphl.

I'pynna B — COnpOTHBNEHHS, BKIONaEMbEE B JHHIO 2,
K KOTOpHM TIpRKadaiorcs (n—1) mpaucdopmaTopos, cBs-
SHIBAKOIUKEX KaK OBl «TPaH3HTOM» JHHHM | © 2°CO BCemH
oeTANbHEIMY JEHHAMYH. CONpOTHBNEHHA, HA KOTOPHE BKJIO-
yaercs TpaHcgopmarop T, cessmmBarow@d Jumhuv I H 2,
dopmupyloress 0 clepyolileMy 3aKoHy (cumTas cnpasa
HaJIeBE) :

(Zie—Z1), (Ziz—214), (Zu—Zss) © T. B. 1O Zan.

Yucno $TEX COIPOTHBIEHHN paBHO 7i—1.

OcranbHeie CONPOTHBIEHHA NAKHOH Tpymmnl HOPMHpY-
I0TCH CJelyIollEM o0pasomM (cumMTas cneBa HANpang):
(Zes—Zys+-Zu—22), (Zas—ZutZis—Zx) w 7. B DO
{Zon—Zn). Uucno 3THX CcOTPOTHBNEHHN paBHO (n—2).
Cymna sHayeHwil BCBX CONPOTHeJeRHI IPymnm B B murun

- 2 papHa (Zx+Zip—Z13) @ COBMECTHO ¢ CONPOTHENEHHAMEH
rpynnel A pavHofi NHHEH NaeT ‘COGCTBEHHOE CONPOTHBJEHHE
NBREKRA Zgs, £

Tpaucdhopmatop T2, caassBaonuit nuusn 2 U 3, BKIIO-
uaeTcd Ha CYMMY COTPOTUBNEHHii Tpynnu B B smumH 2, 3a
HekmoyeHHeM Zig—Z;3, PABHYIO 1O 3HAYEHHIO Lag,

Jlanee Ha CyMMY CONPOTHEJEHH{ rpymnel B, 3a mokio-
yeHHeM Tpex <onpotHelervit (Zig—Zis), (Zis—Zw) W
(Zss—Z1s+Z14—Z21), PABHYIO TO BHAYEHHIO g4, BKIMIONAET-
cs mpanodopuatop T8, ceaspiBarompil JHEEN 2 W 4 0 T. I
A0 TeX IIop, TOKa MuEHA 2 He OymeT CBA3aHa CO BCeMM
OCTANLABIMA JIHHHAMY. ;

Fpymna C —CONPOTHBNEHMS, BEMOYAEMbIE B JHHHH 4,
6 m Bce TIOCHeAyIOnME ueTHHIE JHHHE; Tpa#cQOpMaTOpH,
NPUK/IOUEHKEE K 9THM CONPOTHEBJEHHANM, CBRABIBAIT NaH-
Hy©o auerio & ¢ numufi B—1 B ¢ k4-p JHHUAME, IIe
p=1,2, ... n—k

SaKOHOMEDPHOCTL O0PasOBRaHWs COMPOTABICHHY B JIKHHK
4, Ha KOTOpHIe BKJiouaercs TpaHchopuatop T, CBSSHIBaIO-
Wit aaunp 4§ 8, caepyioniast (c9mTasi cneBa Hampaso):

(Zas—Zog+ Zos—Zas), (Zss—Zos+Zys—Z36) ® T. N A0
(Zgn—Zzn).-

CyMmMa BCEeX MepeunCNeHHLIX CONPOTHBNEHHI paBHa Mo
sHaueruio (Zs—Zps). UHCIO 3THX CONPOTHERJEHHHA n—3.

1 B COMpOTHBNEHHAX TpYNNe A JMHHHE 2 YYHTHEBSIOTCH CONpPO-
-innfzenng HBYX apTorpaHcPopMaTOpOB, BHAOUEHHHX B JuHHIO 2
eLAP)

Hanee B nerns 4 BBOAAT COMPOTHBNEHEN (CYMTas COP&s

Ba Halleso):

(Las—Zas+ Zse—Zug), (Las—Law+Zer—LZay)

H Tak fnanee KO (Z4n—~L3n). UHCNO STHX CONPOTHBJIEHHE
paBio n—4. Ha cymMmy BCeX NepeuMC/ICHHBIX CONPOTHBJE—
uuit, 3a usckaoueHHeM (Lsi—Zoq+Zos—Zss), PABHYIO THO»
anavenno (Zg—Zys), BRMOYaercs Tpanchopmatop Twii.
Hanee, Ha CyMNY BCEX CONpPOTHBJIEHHH, Ha KOTOPYIO BKJIO-
gen TpauchopMarTop Ty, 32 HCKIIOYEHHEM ABYX KpaitnHX:
conporupnenyit (Zss~—Zos+Zos—Zss) ¥ (Zis—Zss+Zse—L 1),
papHyio Tio sHauennw (Zg—Zgg), BRMoOuaercsn tpancdop-
MatTop Taa.

ANaZorRyHEIM ©nocoboM Ha CYMMBL COTMPOTHENEHHIT
IHHAE 4, papHBle TIO 3HANEBRI0 (Zyg—Ze7) ¥ T. A, AO
(Z4n—2Z9a), BMouaTcA TpaHchopMaTopsl Tays, Tnis I
T. I, 00Ulee 4AC/A0 KOTOPHIX paBHO 7—3.

3atem aHaNOTHIHEIM cnOcOBOM BBOHATCA COTNPOTHBJE-
HEfl H ONBpalllVecs Ha HEX CBA3BBAIOmKe TpaHcdopma-
TOphl B JiHHH ‘6, & W noclenylomue UeTHble JHHHH., HUucno:
TparcHOpPMATOPOR, BKJIOYEHHHIX B JHEHIO 6, pasEO n—H5,.
B JuRHI0 8—(n—7) B T. .

Obuee yncno TpaschopMaTOPOB CBA3Y BeeH CXeMul M.
OYeBHOHO, PaBHO CyuMe TpaHCPOpMaTOPOB, BKIOYEHHLIX
Ha conporupnerus rpynn B u C, H cocraBnfeT:

m=(n—1) + (n—3)+(n—5)+ (n—7) +. .., (3II-20)
TPHYEM UIeHH B KPYRABIX C¢KoOKax AOMXKHBI ObITH MOJIO-
wuTenbHeinE, [locnemoBatensHocTe (3I1-20)  sBasercs
aprémerryeckoli nporpeccreii. Unesno unenos stoii mporpec-
cHi { IIpH YeTHoOM n paBHO n/2 H NPH ReYyeTHOM n pPaBHO-
(n—1) /2, a pasnocTs nporpecchn d=-—-2.

B c¢ooteerctBMH ¢ QopmydaMu JUIA  apHPMETHUECKON
IporpeccHH HMeen mocnenyuil snex nporpecchu B (3TT-20)
TPH YETHOM 1

An=0,+d({—1)=(n—1)—2(n/2—1)=1
H NPH HeYeTHOM n )
an=a,+d{t—1)=(n—1)—2[ (n—1) /2—1]=2.
CymMMa mpOrpeccHy MPH YETHOM /1
_late)t  [(r—1-+Hn n®
i - I 2.2 =F 1

4 OpH HeueTHOM n

ata)  e—1)+2(m—1) -1
i g e 9.2 S

(311-22)

[pumennsi BHEeAeHNble 3aKOHOMEPHOCTH O CTPYKType:
NOCTPOEHMS CXeM 3aMCLIeHHS 7 TiapainejpHblX JHHHIL, CBH-
3AHHBIX B3AHMOMHAYKUHEH, MONKEHO TakMe TMONYYHTh CXeMbE
3aMEIIEHHs, NpHBeNeHHnle Ha pHCe 3-5—3-9 mnm uncna
nunri ot 7 no 3.

(3n-21)

Mpunoxenue 3MN-&

Cnocob coCTaBneHksi CXeEM 3aMelieHHN HYNeBok NOCnefiOBaTENLHOCTH NapannentHbIX nMMHMH .
NpM OTKIMOYEHHH M 3a3emNeHMH € fAayX CTOpOH OHHOH M3 HMX NyTeM MCKNIQUEHMA MOCNefHed M3 pPacCMOTREHHR"

A. Peduoin oTRMOUEHMA M 333EMNCHMA ¢ JIBYX CTOpPOH
OiHOH W3 MapannenuvHLIX NHHMH TPM 3aMbIKaHMM
Ha 3eMNi0 B NMPMMLIKAIOLMX CMCTEMEX

B psge cnyyaer OKa3shIBAETCH  SaTPyAHHTENbHALIM
NPENCTABHTE B HMCXONHBIX CXeMaX 3aMEUIeHHS DEeXUM OT-
KMIOUSHHs H 3a3eMJIEHHS OfHOM H3 TAPaJNeNbHBIX B3aHMO-
HHAYKTHPYIOUHX JIHHHA mpocTefiiuM. 00pa3oM myTeM COOT-
BETCTEYIOIIAX KOMMYTALHOMHBIX - Ofnepauufi N0 KOHUAM

OTK/IIOYeHHOH JIHHHH TIPH COXPAHEHHH CcXeMbl 3aMel(eHHs
B OcCTaibioM %eHsMernof, Tlpencrasiasercs BOSMOMHEIM
HCIOAB30BaTh APYrofl cnocob ocyulrecTBaeHHs peXHMa OT-
KMOYEHHA H 3a3eMiIeHHs OfHOM H3 NapalleNbHBIX JHHHE
€ ABYX CTOPOH MyTeM HCKIIOMSHHS M3 PACCMOTPEHHA 3a3eM-
JeHHOH NHHHH ¥ COCTABIEHWA CXeMBbl 3aMelleNHs 3aR0BO-
¢ U3MeHEHNLIMH mapaMeTpany nunufi [8, 44].

YpasHeHHs CBA3H MeXAy TaleHHAMH HalpsKeHns H
TOKAMH CHCTEME! § IAPANIENBHBLIX B3aHMOMHIYKTHDYIONHX
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Puc. 3[1-12. CncTema H8 & mapajfeNbHHIX NuHuft NpH OT-
.. KIQUEHHE H 323eMJE€HHM OJBOH M3 JIHMEIl C JABYX CTOPOH
(8) 1 mpu AONOMHHTENLHOM S23eMJeHHM ee B Touke d (6).

JHIHHA TPH OZHOA OTKIIONEHHOH M saseMieHHOR ¢ oforx
konuos autax (pec. 3[1-12,a) B maTpRunOM BHEE MOryT
OHiTh 38MMICAHL COeLYIOUHM O0PA30M:

AUy N T 2 s Tap oo Zypvin Zagoss Ty T [
AU, Ly oen g bos Lpwasn Epp v Eow 1,
B |l Ty 5 TpanZgiZy | |4 1,
AU, T ierBgsnrs Bgr i Bpgites bogh I

AU Z sy voo Zap oo Zap vis diggiss Zgs b A

(311-23)

B coOTBeTCTBHH € TEM, UTO [PH 3a3eMJEHHH JIHHHH rr°
AU-==0, n3 (311-23) MoxeT OBITH HCKJIOYEH TOK Jr.

Hna sroro chavalla M3 CTPOKH ¢ BHAGKCOM £ MAaTpHu-
asoro ypaphenns (3I1-23) onpenemnm

] =_[%§£_'_+z£nfp Vel Zrolg s
rr rr rr
4 Zrsls ], (311-24)
Zer

Tloncranas  (3I1-24) B ocramensie crpoku (3I1-23),
uexmiounm Iy, TIpE aT0M BEOBas Marpuila Z MOJAYYaeTCH H3
(3I1-23) BLYepKUBAMEEM CIPORH H CTOJ6HA ¢ HHOEKCOM ¥
¥ TIEpecdeToM OCTAIbHEIX SJEMeHTOB nio (opMyne

5z,
5

TREe ¥ — MHIEKC CTPOKW; K -—mapnexkc cronbila MaTpHULI
(311-23).

Tlocsie mcknouenns AUHEH, 3aseMaenuoll ¢ 06oux KoH-
HOB, NONYIHM S—1 JHHAA C H3MEHEWHLIMH Napamerpamul.

Tak, manpamep, npy Tpex auunsx I, 2 u 8, us KoTopeix
JuHES 3 OTKJAIOYEHa H 3ajeMJeHa ¢ ABYX CTOPOH, TIOJYyuHM
cxeMy M8 nsyx sunaii ! w 2, npuieM HX cobeTBenHBE €O-
HPOTHBNEHHSA

(3I1-25)

Zyy=LZyy—

2y =2Z,— %;
Zl'gg=Zgp— "zf"::_. e
2 BSaKMHOe CONPOTHBJEHHE
Z'y=1Z,, '"E%E"—.‘- (3I1-26a)

Ilpy peyx nummax ! u 2, ¥s KOTGpHX ApEHS 2 OTHIOYEHA
M saseMJeHa ¢ JIBYX CTOPOH, AAS JMuMHH I, ocraBuiefcs

! [TonyqeHHEE SABHCHMOCTH COOTBETCTEYIOT OpeclpRIOBEHHIO
Kpola Npm HCKMoYEHHH NOCTOHHHO 2BKOPOYCHHRIX KoHTypom [63],
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B pabore, NONYTMM PEIYALTHPYIOUICE COPOTHBIEHNE C yUe-
TOM BJIHAHNA SageMJEHHON JuHHU 2:

Z?yy

z!s * -

Zlyy == Zy— (31-["27)

Tlpn oTkmmueHHH M 3aseMNeHMH ¢ JBYX KONNOB He-
CKOMBKUX JIMHUE flapaMeTpel OCTABIIHXCH B paboTe JIMHMR
onpenensiores no (3I1-25) B HeCKONBbKO MPHEMOB, cHauasa
AR COyYas OTENIOUEHES B 3a3eMACHHS 0200 vIHHEA, a 3a-
TEM NOCTeNOBATENBHO PECCMATPHBAETCS HONOAHHTENLHOE
OTKIIOHEHHE H 3aseMJieHle CACAYIOWMEX JHHHH C HCOOJB3Q-
BAHHEM I/ OnNpejiesleHHs NapaMeTPOB BHOBBL OCTABIIHXCS
B pabore quanf onnte-raky (3[1-26), T. e. anropurm cnpe-
Iesenns 11apaveTpoB JIMERD TPR MOCNEnOBATENBHOM OTKIIO-
YeERH M 843€MNICHMH 10 OfHOH NMHFE OLHH M TOT XKe.

OrmeruM, YTO MPHBEJCHHbIE COOTHOMIBSHS MPARTHUSCKH
COXPAHFIOTCH TAKXKE MPH HANHYGH IIYXOTrO Sa3eMJIEHHS FJIH
383EMNICHHST Yepe3 CONPOTHBJICHHE rn B MPEIETAX JHHHH,
OTKMIOYERHOf & 3ageMaedHoll ¢ OOOHX KOHION, Ha YY&CTKe
comkenus: {ptic, 3[1-12,6). Ilpu 9T0M HCXORHM HS YIIpPO-
LWALEro JONYIIeHHs, UTO HanpsKeHAe BO BCeX TOuKax
383EMJIEHHON JMMHHH 1O OTHOIIEHHIO ¥ 3eMJe PaBHD HYJIO,
T. €. 9. Jl. C.,, HABO/MMER BSEUMOHHAYKIUHEA B KamAOM aje-
MeHTe 3a3eMJIEHHOH JHHMH, NOJHOCTBI0 pPacXoLyeTcs Ha
KOMDEHCAUMI0 NaficHHT SafnpsKeHUus OT MPOTEKAIOLIEre To-
Ka (Ipu ONHHAKOBBIX YJENBHLX napaMeTpax O Beell Juid-
He 3a3eMJICHHON NEHL),

Ilonesno Takxe OTMETHTh, YTO BAESHEE TPO303AUIHT-
HBIX TPOCOB, SaSeMJIeHHBIX Ha OTHEABHLIX OIOopax JHHHH, ©
OpHELHNHANESO TaKOe 3Ke, KaK pacCMoTpeHhoe BHILIe
BJIHAHIE MAPAJWIETHO PaCHOI0KeHHOI, saseMleRHoN ¢ olo-
MX KOHUOB JHHHH. TpOC CB3aH B3aUMOMHIYKUHeH ¢ JHAH-
€H H XapPaKTepH3YeTCs NMPOTEKAIIHM TOKOM, ¢ /I0CTaTOUHOR
TOYHOCTBEO OfIHHAKOBEIM MO BCel aaune Tpoca, BJunHHe
TpOCAa NPHBOLUT K CHEXKEHHIO CONDOTHBJESHH JHEMR [cM.
(8I1-26) u (3I1-26a)].

B. PeskMM OTINIOUEHHS M 3a3€MNEHHS € JABYX CTOPOH
OfHOM M3 NapannencHLiX NHHMA NPH - 3aMEIKAHWK HA 3EMMO
Ha APYroi m3 HMX B npejenax pacCMarpHMBAEMOro yuacTka
nuHuK [8, 44]

IpeBenenne X caucreMe Napaife/EHHX JHHHE, He CO-
Hepxalllefi saseMMeHHOH JHHHY, TOKaMKeM s CJayuas
ueThIpex mapajvienbueix anyui (s—4, puc. 3i1-13,8), omna-
KO MeTON WPHTOAGH &AA JoGOro wHGIA NaPALIeNbHBIX
JEHER B CXeMe HyVIeBOH THOCHAEOBATE/bHOCTH,

YpaBHeuus CBASH MEXAY TAJEHUAMH HaNPSKEHus H
TOKaMH B cxeMe 1o pue, 311-13,2 Moryr ObfTb SamHcaBbl
caenyiougn ofpasoM & MaTPHYHOM BHAE:

a7 TZua O Zigx Zygg  Zua
AU 0  Zyp —Zyp—Zi38—2Zyp
W, |=| Zi2a—Z19p Zea Zss Zaa |X
AU, Zyzq —Zysp Zay Zy Zm
R I T —Zyp Za Za Zu
“Iha
i
<. & o, (311-28)
a
I,

U3 mocnennet crpoxu (3I1-28) ompenentm Tok:

Zyaha — Zisphip + Zosds + Zuuds
T '

=

(3r1-29)

4
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Prc. 3I1-13. Hernpe napajifesacHbie AHHHM C SaMEKaHHEM
Ha SeMin0 Ha JuHMH | H OTK/IOUEHHEM M SaseMJIEHHEM
¢ OGOHX KOHMLOB JHHHE 4.
@ — HCXoOHasA cxema; 6 —cxema no puc. 3M-13,4 MO ACKIIONEHHEA
nuRHR 4, 3aseMneHHolt ¢ OMYX CTOpoM; 6 — HAMeHEHHA B CXeMe Mo
?nc. aI1-13.6 npH saMeHe [OBYX BSaHMOHHIYKTHDYIOUHX BeTpel
A-K n 1B-K cxemoft 3pesswl mo pHe. 3-10,6.

Moumevanwme B cxeme no pue. 8M1-13,8 YUUTHIBAIOTICH CO-
nporessetun no (3[1-30a) n» (371-30).

Topcrasus (311-29) B ocraneunie crpoky (3I1-28),

Vpasuenssivi 8 Marpuauom sune (3I1-30a) coo‘mez_u:—
pyer cxema 10 puc. 3I1-13,6, 8 koTopofi yuTeHH Cepecyn-
TauHpie COOCTBEHHBIE H BIAMMHLIE COMPOTHBJEHMA nO
(311-25) B COOTBETCTBHH ¢ WCKJIOYEHHMEM H3 PacCMOTPEHHA
saue 4. Coeayer obpartuTs BHUMAHUE HA TO, YTO B CXeMe
no puc. 3[1-13,6 et JA-K © 1B-K cpsisannl B3auMO-
uHAyKIHeft, XapaxTepHsyeMol COTPOTHBIEHHEM
21442148

zi‘l ?

KoTopas orcyreTeyer B ¢xeMe mo paue. 3[1-13,a,

Cxeme mo puc. 3I1-13,6 momxuHO NpHAATL> HHOH BHI,
YUHTHBAA, UTO BS&H-MOWYKTIEJYIGMH& seteH 1A-K n 1B-K
¢ obOmeft Toukolt K mor bITb TpPENCTaBIeHB CXEMOi
apesgH Mo puc. 3-10,6. JyJIEHHOE MPH STOM H3MEHEHHe
cxeMsl 1o pac., 311-13,6 B uacry zersell 1A-K u IB-K mo-
Kazano ma puc. 3[1-13,6 u xapakrepHsyeTcd OTHECEHHEM
MeCcTa X, 8, Ha CONPOTHBICHHE

Zyap=

Zy4pZy4n

Zii

B cxeme no puc. 3I1-13,8 Z1ax B Z'p~ — 0OOOLIEHNOR
obo3HaveHHe CONPOTHBJEHNHA B3aHMOAHAYKUHH MEXKAOY JiH-
wpave, TA-K m IB-K ¢ ocCTajAbHEIMHE JIHHMSIMH CXeMbl To
prc. 311-13,6.

Hs u3nomennoro cjaeyer, U9TO ANA pacueTa DeXCHMA,
noKazanaoro Ha puc. 3[1-13,4, MOXHO HCK/IIOUMTE M3 pac-
CMOTPCHHS GA3EMAEHHYI0 JARHWI0 4, KaK NOKasaHo Ha
puc. 311-18,6, &, upu mepecuere COGCTBEHHEIX M BIAMMHBIX
CONPOTHBICHHY ONHOTHTHLIME OTepallMsAMH B COOTBETCTBHH
¢ (311-25) paHHOrO TPHIOIKEHHA.

CxeMa no puc. 311-13,6 momeT ObITh HENOCPEACTBCHHO-
HCIONB30BAHA KaK CXeMa 3aMELIEHHA HYIEBOH NOCIem0Ba-
TeNLHOCTH U CAyUast SAMEKZHHA HA 3eMJI0 Ha OfHOH Ha
IBYX NapailiiebHEX JIHHHA NPH 3a3eMAeHnM BTOpoH ¢ 06o-
HX KOHIOB.

Hcexons B3 yxasanuono, COCTABASHA CXeMa 3aMelleHMs
no puc. 3-10,2 (2) nns mcxonHoll cXeMul ABYX Mapajuredb-
Hex gpnuf no pae. 3-10,8. Ilps sToM yuTeHo, WTO IpH
ONMHAKOBEIX YISIWHHIX CONPOTHBJEHHAX WO Beell JAumHe
JIMHKE cxema 3aMElIEHHs YIPOmIaeTcs B CQOTBETCTBAH CO
CEAYIONFMH COOTHOLIEHNMH:

ZMB =

Z'ua  Ziaplus

ncxinaoﬁlgds }-rmc 1y, TIpu s10M HOBan marpaug Z noayuaercs Zya— Loy Ry o THATE
#s -28) BHINEPKEBZHHEM CTPOKH M CTOA0Ua ¢ HHAGKCOM . 2
4 H TIepecyeTOM OCTAJBbHLIX sneﬁoan-roa mo (3I1-25). Zysa(Zua+ Zup) o P 2244 ; (30-31)
(ml;lg;mnaﬂ yKkasaHHOe, [oJIyYaeM MaTPHYHOE ypasHeHHe Zy na Zya
- B BHUpOE:
e W F 2144 ZysaZyp N ZyaZe 1, T
AU 4 Zua—-7, . o~ Z L7 oo 114
D Zy3aZup y 2148 z Z148%2 ( Z14p%30 ’
12 S5 s~z g N 1B (311-30)
= X ZIMZM Z_”BZ“ z 2a Zuzu i
AU, Dor——7z, — 2123___-2“_) e Zn——7. Iy
zluzu zuan. znzu zau
w’ zlﬁ.‘!'—' zq-& —-. ZISB“ zn ) z” ad Z“ i z-u L .l'. !
RJR B COKpAll(EHHOM BHAE " 7. 7
U4 [Z'11a Zias 294 Zyaa 1 zm_fz'_*@.___“_;_ﬁz  —
Mg {_| Zias Z'us—Zis— %18 f}a " 2
wl Z-”m e Z’ms zlls zr“ 2 i
C : Zp(Z Z Zz2
AU, Zlgsy —Z'ygp Z's 'y i, = g (Zuat+ Zup) _ Z, ol T T aany
J L e B~ 2y
(31-30a)
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Mpunomenne 3M-7

CootHolueHKA ONA pacyera NapaMeTpoR CXeM 3aMmelljeHHs GNA TpeX W HerTuipex ,
napannenbHei NHHWA, COEAMHEHHBLIX € OAHOTC KOHUA WWHAaMH, NPH HEYUeTe eMKOCTHOW NPOBOGMMOCTH NMHMMA

a) Tpu napanneapupie nuuua (puc 3-12,a)
[3, 4, 13]. CoGcrBennbe CONPOTHBICHHA © CONPOTHBNEHHS
B3AHMOMH/IYKIME TpeX mapaiierbibix minnl no puc. 3-12,0
MOryT OHITh BHIpaiKEeHB YEPE3 TAPAMETph 3JEMEHTOB 3KBH-
BaNeHTHON CxeMul 1o pHe. 3-12,6 ciepyroum o6pasoM:

Foi =-a+w; (a)

Zyy=b+ w; (©)

Z,=c+ w (8)
2,=-T0HD, @1 e
Zy =~£~—; (n)

2y = LD ©

rpe n=d-I+42f. (x)

Ilo (3I1-33) MOMHO COCTABUTH CJCGAVIOINE COOTHOILE-
HMAL:

, d )
Zy— 2= “+'n"t"= (a)

i
Zyg—Zyy=¢ +'“,!:_= (6)

: (311-34)
le—Zu= l':“" (B)
d
Zyg—Zyy= % (r)

J

Viexonsa uz (311-33) u (3I1-34), MOKHO TIOJYIATE pac-
YeTHhIE BHpameuHa J[AJ8 ONpeAeJeHHs CONpPOTHBJIEHHH
S/EMEeHTOB CXeMBl 3aMelleHus #a puc. 3-12,6:

(Zig = Zyg) = (Zag— Zys) =0 (311-35)

(Bs—r iy A B o 2 N i (3M1-36)
zsg—?fiii:'-=b+ (d+nn(t+r) -

_ f(!+nn-f£{d+h s (3r1.37)

£ gy TEHED 1 1EHD e (anag

Gat B o 2)_, f fr=d (339)

(Zys + Zoy) Ztlzsm—z,.) 2 f_:li.%:;, (3r110)

6) Uernpe mapanjedbHBEEe JauaHHp (pHC

METPH 3/EMEHTOE SKBHBANEHTHOH cxeMm no puc. 3-156
cnenylomwmm o6pasom:

Zn=0+p+ f(k+ttm+n) : (@)
z=3=b+p+(f+k}(fs+m+ﬂ); (6)
Zy=c+p +(m+n”:+k+!): (8)
Zy=d+p+ n(f—{—k—::!—}-m} : )
[
2, mpy LLERT0, @
(3r1-41)
zuzp‘l‘wi {(e)
z Ju
1¢=P+T; ()
k
23 == p+ (_4—“ﬁ_g-n~j—_n)_; (3)
k
Zy = p4 2UER (x)
k41
Zy—p 4 2LEEED (®)
rne s=f+Ek+l+m+tn. {Jl)J

ITo (3I1-41) MOXKHO COCTaBHTB CHEAYIOIIHE COOTHO-
HIeHWA:

P T

Tl ®

M= %mi,‘;:zz':a L () ! (3142)
V=i F, @)

R p P (x)
SneMeHTEl MHOTOYTOJIBHHKA CXeMbl aaueir.{emm no

puc. 3-15,6, ucxons u3 coothHomennii (3I1-41) wm (31-42),
MOIKHO BHIPA3KTE CJCLYIOLHM 00pasomM:

n=£;"=_g(,+f+f++ﬂ)___

~R(1+F 4L+ M4N); (2)
k==n/N; [=Fn/N; m= Mn/N; [=Ln/N. (0)

(311-433
Ha ocnosanuu (3I1-41) ¢ yuerom (3I1-43) moryr Guth

3-15,a) [3,4, 13]. CobcTeersbie CONPOTHBJIHUS] W CO-  ONpEMEJCHL CONPOTABNERHS! JIy4eBBIX S/AEMEHTOR (p, @, B,

TPOTHBACHHS BSAHMOHHAYKIAH YeTHPEX UaPAJUIENbHBIX JK-
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¢, d} B COOTBETCTEMT C COOTHOLIGHHSIMH, NPHBEJEHHEIMY HA'
HEit 0 pHe. 3-15,2 MOryT OBITH BbipaykeHnl 4qepes mapa-  pHe. 3-15,6.



Mpunomenue 3-8+

BLiEOA pacuerHbIX BLIPAMEHWH ANS YNPOLLEHHBIX CXEM 33MEU|EHMS
HYAEEBOH NOCNEefoBaTENbHOCTH ARYX MApPanNensHLIX NHHMA € PacnpefencHHBIMM

napamerpamu Ges oBuiux TOUEK NO HOHUaM

Heme nau BRIBOA DacMeTHHIX BHIPAKEHHH I mapa-
MeTPOB CXeM 3aMelleHMs, HCXOAs 13 TpHOIHIKeHHOro COOT-
Howenks (2-170) # (2-161a) nas JmEHi € OEHHAKOBLIMH
napaMerpaMu @o puc. 3-27,a. [Ipk s10M Bmpaxenna (3-14)
NPHHHMEIOT BHA:

1 Z; kils )
hxg (gt Za—gt

4 I
tat+ g )

2
1 Zy Roly
Zu*T( A + Z, 9
_Za_, ), (31l-44)
T P )
l Za Zb -
%*?{wn+wr}

B B B
“ETA R, R

Yuntnigas (3-12), MOMHO WPEACTABHTh OTACILHLIE Yjle-
Hu (3T1-44) cnenyromum obpasom:
Za _Zo—Zyn _ )
kI, ()l
Z,— Zyy yy
T JoCoFCorm) (Zo—Zg 1) I
s 1
)‘(D(Cn +t‘01 !l’) In :
Zy _ Zo+Yoq
Baln (P —o0l,
Zo + Zg1 1 "
T Co—Co) o+ Zgr ) In T

1 ‘
B jo (Co— Co[ 11) Iy '

(311-45)

ki,  Zo—Zg

a" g = 9 1M
kaly  Zy 4 Zo

Zb 9 = 2 e !.‘!'

Yuntupas 6 (3-15) cootmowenus (3I1-44) wm (371-45),
NONyyaeM BMECTO CXeME SaMelieHus mo pHe. 3-25,6 cxeMmy

CoormiowenHs, HCNONL3YEMBEIE ANA YNPOUIERHOIO CNPERENCHMS NapamMeTpoR CXem
3ameljeHMa HYNEBOH NOCNeAOBATENLHOCTH NO pPHE. 3-25 H 3-26 npM yuere

saMelyenys no puc. 3-27,a, napaMeTpsl KOTOPOH OOpeiens-
FOTCAl BECHMa [IPOCTO 110 CISLYIONAM COOTHOLIEHHM:

1
n=f=5 Zynlu

(€. + Cor 11) Zog 11ln
I=Zg nfn[] —jo ) ];
- L a [ (3M-46)
£~ 2jo (C, —CUI IIHJ‘!'
w e
a=d=(Z,—Zy ) 5

[
b=c=(Z,+Zyy) 5.

AHAJNIOTHYHO BMECTO CXeME! 3aMelleHHs HyaeBofl mocie-
LOBATE/IbHOCTH EBYX TapaisieJbHEX JHdaHf Oe3 o6wmx To-
YeX 0 KOHIlaM, B KOTOPOH COXPAHCHH 3JEKTPOMATEUTHLIE-
cBsasH “(puc. 3-25,8), MOXHO MOJYIHTE CXeMy 3aMeLleHHs
no pue. 3-28,a ecait B (3-17) yUHTHIBATH COOTHOIEHMS
(311-44) = (3I1-45).

CxeMa samemenns no pue, 3-28c mmeer CReayoLHe-
napaMeTpes;

1 )
k=l=—5Zly;

1
= jo (C, + Cﬂ[ 11) Iy

f=n

(3M-47)

1 1 1
P = Sjul, l(co““cm i (Co+Cor n)]’

1
m =5~ Zop rila

Ananormyro MOryr OuTh TOMYUEHE! napamerPe ympo-
IEHHEIX CXeM 3amelrieruss mo puc. 3-29,a 1 € IS ABYX
[1apaJuieNbHblX, JIHHHI ¢ OOIMME TOYKAMH ¢ 0AMOrD H 060HX
Konuor nuenk (pec. 3-26,¢ (I} n (2)).

Mpunomenne 3M-9

nepBLIX

HECKONBbKKX YNEHOE PAasNOMEHHA B Psf rHnepbonWueckMx ¢yHKME cornacHo [2-171)

O6ostayuM BemdHHE B (3-14), conepixailHe THnep-
Gonuuccitre DyHRUMH, cleaywuuM ofpasou:

Za Li—Zyn _ @)
Shil, — F shkl,
Zy L+ Zgun
ShEaly — Fshisl,
chigly  (Zo—Zpyyp) ch(kyla _
@ shkdy k, shieyly

= My; ()

=Ny = Mz chily (8)
chkols  Zo+Zgu chiyly
oSkl R Shkaly
= Np = M ch kol (r) )
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Torna (3-14) mpunuMaeT BHA:

1
o (Na+ Ne)s

|
2w =2y =Ly =1Ly~ 2 (Np— Mok
1

In=23=25= Zsa
- L (@)
z:a s za: ==Zpg= 4S=T(M0 4 Mh);

1
Zyy =Ly =Zyy=1Lyp= 5 (My— M,y).

F.

Lns mpuGnaxennoro onpepenewns M v N no (3I1-49)
npuEMMaercs 3aMeHa B (3[1-48) runepGommeckux QyHKUME
OIpaHnyeHHEM YHCIOM YIE€HOB HUX PasnomeHHA B pap, Kak
ons opuHouHBIX Jmnl (cv. § 2-76), a MMEHHO HCXONS #3
(2-171).

Yuuteisas (3-12), nonyuaem:

B, =x2 + o = jo(Cot-Corpr ) (Zo—Zor 1) =Y'eZ'ai
Rty = 12 —o? = jo (Co — Cor ) (Zo + Zgr 1y) =
:Yl!nZI ’0' F
(311-50)
TAe B LENSX YTPOILIEHHS 3amicH NPHHATH 0603Hauenns:

fo=Jjw(Cot+ Corn)s 2'e =Zo—Zp 13

; aI1-b1
Yy =jo(Co—Cop 1) 2" =Zy+ Zpy 1y, } y }

Honcrapass snavenns &% w k% no (3I1-50) s (3I1-48),
npn yuere (2-171) monyuaem:

My= Z Gy =
b [k,t, +-5]
B v
DYt —~———-—-——-(z'°l"'ﬁ}2 e
i

Tl
LA Mé oa)

1
= 7Y oo H
Yion (, + _a;’__) (2)

Z"¢ _
== 3 T—
bl uta + 2 |
z!r.
lZ"aY”.F I‘J: =
6

My

=

2 Yol

1

i Z (V)R
Y+ S T

1
= Tr VI7T H (6)
Yon (l o £ 06 0.17]

2 (kydg)t
z, [I +(k,f;] _!_( 12;) ]
Na = 73 e
k] I:klz.ﬂ + (klzg] ]

Z' Y7 I 27 Y %)
=Ma [l+ ] 20 J1 +( 24 A ]: (B)

Z”.,[l +(—k}%ﬂ:+ﬁ’.ﬁi}

Nb—l— I ) ]
b [bata + 55 |

(311-52)

2y

_—zﬂ‘fb[l—l-

(zf!'eYH'oF‘n}a
+ ]

(*)
)

B mpuseaerEHX cootHomenuax Z's, £%, Yy, Y7y wor-
vocsites Kk 1 kM gwpevH, a3 Z'on, £%a, Yon, g’l'”oa—xo
Beelt JIHHHH.

TMoncravoskofi skavernii M u N oo (3I1-52) B (3-14)
ONPefeasioned MPHOHIKEHHEe SHAYCHHS SIEMEHTOB MaTph-
st (3-13), 4 DO HAM COOTBETCTBEHHO MPUCJMIKeHHEIe 3HA-
4eHHH TIAPAMETPOR CXeM 3aMelieHHs no puc. 3-25 u 3-26.

Takoe pemiessie mpoine, YeM HENOCPENCTBEHHOE HCIOJNb-
soBanne cootHowenndi (3-14) ¢ ranepbosuveckuME GyHK-
OHAMH, M TOUHEe, YeM pacyeT dapaMeTPOB, HCXOAZ H3
(2-170) (cM. npunoxenne 3I1-8); mpHMenenue ero B0 Habe-
Xanue OGoabLIHX DOTrPeIuHOCTeH cienyer. OTPaHuyiTE JH-
puaMA naanolt 400—500 kM. Bmecre ¢ TeM B TOYHHEIX Pac-
yerax TOKoB K. 3. Gojee nenecoobpasvo ang auyHi Gosb-
IWo#l MPOTAXKEHHOCTH HCXONHTE M3 CXeM 3aMelueHHs ¢ mapa-
MeTpaMH, CONEpKanuMy rumepbontueckye GyHKIBH.



: Mpunowenne 41
Mporpamma Ha s3sike AJWOJ-60 ans obpaujerMi MaTpWi, C KOMNNEKCHBIMM REMEHTaMM Ma 3BM BICM-4

1 'BEGIN''INTEGER'I,J,K,N,P;P0042(N) ;* BEGIN' * INTRGER' ' ARRAY'M [1:N] 5
2 'PRbCEDURE'OBPMAT(A,D);'ARRAY'A,D-;
3 *BEGIN''ARRAY'B,C [1:P+aj 3 INTEGER' I, T ; ' FOR' I:=1'STEP* 1' UNTIL'P*DO*
4 T'FOR'J:=1'STEP'1'UNTIL'P'DO'D [I,J] :=A[I,T] ;Po037(D,B,C) END* ;
5 "PROCEDURE*CYWMMAT(A,B,C) s VARRAY'A,B,C3
6 "BEGIN''INTEGER'I,Js!POR?I:=1'STEP'1'UNTIL'F'DO ' FOR! J:=11STEP* 1'UNTIL'P
7 'p0*C[1,3] :=A[1,7]+B[1,J] *END?;
8 TP0042(M);*BEGIN® *FOR'K:=1'STEP'1'UNTIL'N!DO' tEEGINt P:=M[K] ;
9 *BEGIN''ARRAY'A,B,C,D,E,F[1:P,1:P] ;P0042(A,B) ;' BEGIN'OSPMAT(B,D) ;
10 P0036(D,A,E) ;P0036(A,E,C) sCYLkAT(B,C,F) ;06 PMAT(F,D) ;P0036(E,D,C) 3
11 'FOR'I:=)'STEP*1'UNTIL'F'DO''FOR*J:=1"'STEP'1'UNTIL!P*DO" *ELCIN®
12 D[I,7] :=-D[T,3];E[1,7] :=0 [1,5]42+D[1, 5] } 2;* IME [X, T]= 0 THEN®
15 E[L,7] :=F[1,7] :=,9"ELSE* *ERGIN'F [T, 7] :=-D [1, 3] /E[1,3] ;
14 EB[I,3]:=c{1,3]/2[1,7]*END* 1END?;
15 P1041{K,A,B,C,D,E,F)*END? *END* *END*! *END! *END* ' END®
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